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Description 

Background of the Invention 

5 [0001] The present invention relates to optical members such as lenses, prisms, filters, windows, reflectors, and 
etalon plates used in various apparatus employed in environments where they are exposed to high-power ultraviolet 
light having a wavelength of about 360 nm or less, e.g. an excimer laser beam, a YAG fourth harmonics (250 nm) laser 
beam, or some other high-power ultraviolet laser beam. Further the invention relates to semi-finished products which 
have not yet been finally polished, and to blanks, and more specifically to lenses, prisms, etc. assembled into a device 

10 such as a lithographic laser exposure apparatus for producing highly integrated circuits, a laserfabrication apparatus, 
a medical apparatus, a nuclear fusion apparatus, or some other apparatus which uses a high-power ultraviolet laser 
beam. Still further, the invention relates to a method of producing such optical members and/or blanks for such optical 
members. 

[0002] In recent years there has been remarkable progress in making large scale integrated circuits (LSIs) finer and 
IS in increasing the degree of integration of LSIs. VLSIs having 1 ,000,000 or more elements per chip are now starting to 
become prevalent. Along with this progress, lithography techniques for drawing an integrated circuit pattern on a wafer 
have developed rapidly, and techniques capable of drawing a line with an even nan^ower width are now being developed. 
For example, a pattern line having a width of 1 ixm which is suitable for 1 M bit DRAM, and a pattem line having a width 
of 0.8 ^im which is suitable for 4 M bit DRAM, are now being developed. These techniques all Involve photolithography. 
20 [0003] In the field of lithography, there is an urgent need to develop techniques of drawing at submicron scale, i.e. 
with pattem line widths from 0.5 to 0.2 ^.m, which are suitable for16 M bit DRAMs to 256 M bit DRAMs which are 
expected to be realized in the near future, in view of the steady progress of modem optical systems, light sources, 
photoresists, etc., it is anticipated that photolithography will also play a major role in such ultrafine line width drawing 
techniques. Indeed, photolithography has various attractive features needed for ultrafine line width drawing because 
25 there are, for example, light sources having relatively high brightness, highly sensitive resists, and stable optical ma- 
terials. However, photolithography has the problem that the resolution is limited by diffraction due to the long wave- 
lengths which are used. To solve this problem, the numerical aperture (NA) of optical systems must be enlarged and/ 
or the wavelength of the light must be shortened. 

[0004] With respect to enlargement of the numerical aperture of optical systems, numerical apertures of not less 
30 than 0.4 are now available, and a lens having a numerical aperture of 0.6 has been developed as a trial product. But, 
as the numerk)al aperture is increased, the depth of focus decreases. Consequently, there is a limit to how much the 
numertoal aperture can be Increased in order to Improve the resolution. Therefore, shortening the wavelength of the 
light is being considered. 

[0005] If ultraviolet radiation having a wavelength of 400 nm or less is used with a lens of conventional optical glass, 
35 however, the light transmittance rapidly decreases at a working wavelength of 365 nm (i-line). In other words, light 
absorption and generation of heat due to the light absoiption occur, and consequently the focal point of the lens and 
other properties of the lens are disturbed. 

[0005] To obviate such difficulties, it has been suggested to use silica glass as the lens material instead of conven- 
tional optical glasses. But when nonnal ultraviolet radiation is passed through silica glass, chromatic aberration occurs 

40 because the spectrum of the light is so broad. Thus, it also has been proposed to use a laser beam which oscillates 
In the ultraviolet range and has a nan^ow spectrum width as a light source for photolithography. 
[0007] Among the lasers used for photolithography, excimer lasers are the most practical. An excimer laser is a high- 
power pulse laser oscillating in the ultraviolet range, e.g. at a wavelength ranging from about 360 nm to about 150 nm. 
Excimerlasers have the most powerful energy density of known ultraviolet light sources. Various working gas mixtures 

45 are possible, including XeF (351 and 353 nm). KrF (248 nm), XeCl (308 nm), ArF (1 93 nm), etc. Of these, it'is pretended 
for reasons of oscillation efficiency and gas life, to use KrF (248 nm) or ArF (1 93 nm) which have shorter wavelengths 
In order to obtain a clearer image at a submicron scale. 

[0008] It has been found that the irradiation of an excimer laser on silica glass adversely affects the optical properties 
of the glass. That is to say, applicants have discovered that optical members formed of silica glass are highly subject 

so to optical damage virhen the silica glass is exposed to an ultraviolet laser beam having a wavelength ranging from 360 
nm to 150 nm. Since an excimer laser beam is quite high in power compared to a conventional l-line, g-llne, etc., as 
the oscillation wavelength is shortened, even if the optical members for the laser beam are made of silica glass, when 
the optical members are exposed to the laser beam for an extended period of time, problems arise in that the optical 
members, including the lenses, are damaged, and their optical properties are changed, e.g.. the transmittance de- 

55 creases, etc. More particularly, inradiation with an ultraviolet laser beam for a long time results, for example, in breaking 
of the network structure of silica glass, producing an absorption peak at about 215 nm (the so-called E' center) and 
another absorption band at about 260 nm, thereby decreasing the transmittance in the range from 360 nm to 1 50 nm 
and causing optical deterioration. Even high-purity synthetic silica glass is subject to optical damage upon exposure 
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to an ultraviolet laser beam. Such deterioration is not serious with conventional 1-line (365 nm) or g-line (436 nnrt) light 
sources, but becomes serious for shorter wavelength ultraviolet light beams ranging from 360 nm to 150 nm. Eventually 
cracks appear In contrast thereto, other types of light which have longer wavelengths, such as visible light, have a 
negligible influence on the glass. 

5 [0009] One cause of the deterioration in the optical properties is attributed to the presence of metal impurities in the 
silica glass. Therefore, optical members such as lenses, etc. for a laser beam have been fonmed of synthetic silica 
glass made using a highly purified silicon compound, such as SiCI4, as a raw material instead of natural quartz. How- 
ever, even optical members formed from highly pure silica glass have not given satisfactory results for a high-power 
laser beam having a short wavelength for several reasons. The first reason is that even if it is intended to make highly 

10 pure silica glass, it is impossible to completely eliminate the presence of metal impurities because of problems inherent 
in the raw material and in the production process of silica glass. Asecond reason is that synthetic silica glass appears 
to include various structural defects which decrease the laser beam resistance, These two factors combine to cause 
the laser resistance to deteriorate. No techniques are known which have been developed to enable an optical member 
- of synthetic silica glass to resist optica! deterioration when exposed to short wavelength ultraviolet laser radiation. 

IS [001 0] It is known from Japanese Patent Publication She 40-1 0228 that colorization of a silica glass article made by 
melting natural quartz due to the influence of ionizing radiation can be prevented by heating the arttole In an atmosphere 
of hydrogen gas to about 400 to 1 .000 *C, but this publication only teaches occlusion (doping) of hydrogen gas in order 
to prevent or inhibit solarization to some degree in natural quartz glass. Mere hydrogen doping does not, however, 
prevent degradation of the optical properties of silica glass optical members subjected to a high-power, ultraviolet light 

20 beam like the irrabiation of an excimer laser. Thus, this publication does not enable persons skilled in the art to prevent 
deterioration over time of the optical properties of synthetic glass optical elements exposed to a high-power ultraviolet 
laser 

[001 1] It is also known from Japanese Patent Publication Sho 39-23850 that the transmittance of ultraviolet light by 
a silica glass body can be improved by heat treating the glass body in a hydrogen atmosphere at 950 to 1 ,400 *C and 

25 then heat treating the glass body again in an oxygen-containing atmosphere at 950 to 1 ,400 ""C. The purpose of this 
treatment is to increase the transmittance of ultraviolet light having a wavelength of 300 nm or less by decreasing the 
metal impurity content which remains In quartz glass and affects the light absorption of the glass. Again this publication 
provides no information about how to prevent progressive deterioration over time of the optical properties of optical 
members exposed to ultraviolet radiation. Furthenmore, since this prior technique carries out a heat treatment in oxygen 

30 after the heat treatment in hydrogen, the initially doped hydrogen is removed by the subsequent oxygen atmosphere 
heat treatment, thereby eliminating the effect of the hydrogen heat treatment. This document also describes that the 
heat treatments in the hydrogen atmosphere and in the oxygen atmosphere each give a maximum effect at the tem- 
perature of 1 ,400 **C. However, heat treattnent at such a high temperature results in contamination of the glass with 
impurities from the furnace, and thereby produces glass containing signifteant amounts of impurities which may ad- 

35 versely affect the resistance of the glass to optical deterioration from exposure to high-power, ultraviolet laser light. 
[001 2J Another problem in the production of optical members for use in very high precision optical devices, such as 
lithography exposure apparatus for exposing submicron scale integrated circuit patterns, is the attainment of unifonn 
optical properties, particularly a homogeneous refractive index. 

[0013] In general, optical members of the type to which the present invention applies are manufactured by a process 
40 In which the starting glass ingot is remolded into the desired shape, such as a column, disk or sphere, and then annealed 
(heating followed by slow cooling) to eliminate residual strain. Then the peripheral portion of the blanks is ground off, 
and finally the blanks are cut, polished and film-coated to fabricate optical members. In this production process, the 
annealing step is very necessary. 

[0014] However, even if the annealing speed in the annealing step is slow as possible, it is impossible to get the 
45 same cooling rate in both the peripheral zone and the central zone. The cooling rate at the periphery is inevitably faster 
than at the center. This causes a fictive temperature distribution, the shape of which Is a concave curve ascending 
from the central zone towards the peripheral zone in the cross section of the blanks. 

[0015] The concept of a fictive temperature distribution is believed to arise from the fact that silica does not undergo 
an abrupt crystalline transformation with changes in temperature. Instead, the physical properties of the siltoa change . 

so subsequently as a result of a change In tempertature, and the amount of change in the physical properties varies 
depending on the rate of temperature change. If two pieces of silica glass are cooled at different rates, one suddenly 
and the other gradually, the one which is cooled suddenly will undergo a lesser change in properties than the one which 
is cooled gradually. In other words, the physical properties such as density, refractive index, etc. of the piece which is 
cooled suddenly will be more nearly equivalent to the properties at a higher temperature, termed the fictive temperature. 

55 even though both pieces are cooled to the same actual temperture. See Bojeckner, J. Non-Crystalline Solids. Vol. 5, 
pp. 123-175(1970). 

[0016] If a fictive temperature difference is permitted to remain as optical blanks cool to room temperature, then even 
if a glass blank with ideal uniformity in chemical composition is annealed, the refractive Index distribution in the annealed 
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blank inevitably varies with the fictive temperature distribution, resulting in a refractive index distribution having the 
shape of a concave curve correlated to the fictive temperature distribution. 

[0017] Therefore. In order to obtain blanks having a uniform refractive index, it is necessary both to make the silica 
glass highly pure by synthesis and to make the fictive temperature uniform by the heat treatment. Improvements in the 

5 uniformity of the temperature, however, are limited so long as the cooling rate is substantially finite, even if improve- 
ments in the heat-treating furnace and the heat treatment temperature program are made. 
[0018] When conventional light, such as a g-line source (436 nm), Is used, the presence of such refractive index 
distributions does not cause serious problems. However, in optical members used for short wavelength laser beams 
(193 nm to 308 nm), and particularly in laser exposure, apparatus for submicron scale lithography having a pattern 

10 line width of, for example, 0.5 nm, the refractive index inhomogeneity (6n) needs to be smaller by at least a factor of 
10 or more than in the case of visible tight. But in optica! members fabricated from silica glass blanks having poor 
optical homogeneity, it is difficult to obtain a highly homogeneous refractive index, and it is therefore Impossible to 
achieve lithography of a fine, clear, submicron scale image. 

[0019] Thus, in order to facilitate the use of ultraviolet light sources having narrow wavelengths In the range from 
15 360 mn to 150 nm, such as excimer lasers, in high precision optical devices such as exposure apparatus for submicron 
integrated circuit pattern lithography, there is a need for ways to provide optical members with uniform optical properties 
including a highly homogeneous refractive index and to prevent the optical properties of such optical members from 
deteriorating under exposure to light from a high>power ultraviolet tight beam tike that of an excimer laser, and for 
optical members having uniform optical properties including a highly homogeneous refractive index whose optical 
20 properties do not deteriorate over time when exposed to a high-power, ultraviolet laser beam such as an excimer laser 

Summary of the Invention 

[0020] It is an object of the present invention to provide optical members or blanks therefor with improved resistance 
25 , to optical deterioration upon exposure over time to a high-power, ultraviolet laser beam. 

[0021] Another object of the invention is to provide a synthetic silica glass optical member or blanks therefor having 
high resistance to laser damage, which is not attainable with high purity alone. 

[0022] A further object of the present invention is provide a method of improving the resistance of optical members 
to damage from exposure overtime to high-power, ultraviolet laser light. 
30 [0023] A still further object of the present invention is to provide a method of improving the resistance of an optical 
member to time dependent deterioration of its optical properties under exposure to a high-power ultraviolet laser beam 
having a wavelength In the range from 360 nm to 1 50 nm. 

[0024] An additional object of the invention is to provide optical members or blanks therefor having more unifomt 

optical properties. 

35 [0025] It is also an object of the present invention to provide optical members or blanks therefor having a highly 
homogeneous refractive index distribution. 

[0026] Additionally it is an object of the present invention to provide optical members or blanks therefor for use with 
a source of ultraviolet light having a wavelength in the range from 360 nm to 150 nm. 

[0027] Yet another object of the present invention is to provide a method of producing highly homogeneous synthetic 
40 silica glass optical members in which variations of the refractive index, which are apt to be introduced into blanks during 
the production process starting from highly pure synthetic silica glass, are suppressed. 

[0028] Still another object of the present invention is to provide a method of producing a synthetic siltoa glass optical 

member having the aforementioned characteristics commercially with good reproducibility. 

[0029] According, the aspects of the invention are as defined in claims 1 , 15, 1 8. 24, 29 or 30, respectively. 

45 [0030] The objects of the invention are also achieved by providing a blank for a synthetic silica glass optical member 
for use with incident light having a wavelength shorter than about 360 nm, wherein the blank is made of a heat treated 
high-purity silica glass material which is free from striae in at least in a direction parallel to the incident light and which 
contains OH groups, the blank having an OH group concentration distribution in a plane orthogonal to the incident light 
such that the OH concentration progressively increases from a minimum concentration region to a maximum concen- 

50 tration region without an inflection point so that the blank has an overall refractive index distribution inhomogeneity 
(6n) in said plane of 2 x 1 0"^ or less. 

[0031 ] The objects of the invention are further achieved by providing a blank for a synthetic silica glass optical member 
for use with incident light having a wavelength shorter than about 360 nm, wherein the blank is made of a high-purity 
synthetic silica glass material which is free from striae in at least a direction parallel to the incident light, and which 
55 contains concentrations of OH groups and chlorine (CI) distributed therein, the blank having a first refractive index 
distribution due to a combination of the chlorine concentration distribution and the OH group concentration distribution 
in a plane orthogonal to the incident light, and the first refractive index distribution is substantially offset by a second 
refractive index distribution due to a fictive temperature distribution caused during heating/cooling treatment of the 
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blank. 

[0032] The objects of the invention are additionally achieved by providing a method of producing an optical member 
or blank for use with light having a wavelength range shorter than about 360 nm comprising the steps of forming a 
blank from high-purity synthetic silica glass containing OH groups in an amount of at least 50 wt. ppm; removing striae 
5 from the blank in at least one direction; removing internal strains from the blank by heating the blank at a temperature 
of at least 1 ,000 •C. and doping the silica glass with sufficient hydrogen to inhibit decreases in light transmittance over 
time due to exposure to ultraviolet light. 

[0033] According to further preferred aspects of the invention the objects are also achieved by a method comprising 
providing a starting, high purity synthetic silica glass containing at least 50 wt. ppm of OH groups, heat treating the 

10 high purity silica glass to eliminate striae one-dimensionally or three-dimensionally, remolding if necessary into the 
desired shape, annealing the stn'ae free glass to eliminate residual internal strain and to obtain high homogeneity, 
doping defined concentrations of hydrogen molecules, depending on the wavelength of the ultraviolet light involved, 
into the resulting high purity homogeneous and striae free silica glass in order to obtain a uniform concentration of 
doped hydrogen, and grinding off the peripheral portion to form a blank, and if an optical member is to be formed, 

IS cutting and polishing the blank into a piece having a desired size, and subsequently applying a coating to fonm an 
optical member. 

[0034] The present invention is the result of extensive experiments, and in part resides In that the optical member 
is made of high-purity synthetic silk)a glass which contains OH groups at a concentration of at least 50 wt. ppm, and 
from which the striae have been removed at least along the direction of incident light, and which is doped with hydrogen. 

20 As used herein, the tenm "hydrogen" is intended to include hydrogen isotopes such as deuterium as well as normal 
hydrogen. The term "optical member" refers to an optical element such as a lens, prism, filter, reflector, window, or the 
like which subjects a light beam to a limited number (e.g. 0-4) reflections and/or refractions. Such optical members 
typically have a thickness, i.e. a dimension transverse to the path traversed by a light beam, which is comparable in 
magnitude to the length of the path of the light beam through the member. In general, this means that the ratio of the 

2s length of the light path through the memberto the thickness (i.e. transverse dimension) is not more than 1 00, preferably 
not more than 1 0, and usually not more than about 1 . 

[0035] tn some cases, particularly in the case of optical members cut from different portions of larger blanks, it can 
be very difficult to define the OH group concentration or the CI concentration with precision, especially in relation to a 
ftottve temperature distribution induced by annealing or other heat treatments. Therefore, in the present application. 
30 the semi-finished products or blanks may be distinguished from the finished products or optical members. 

Brief Description of the Drawings 

[0036] The invention will be described in further detail with reference to the accompanying drawings in which : 

35 

Figs. 1A. 1B, 2A and 28 are graphs showing the correlation between the hydrogen concentration and the total 
number of irradiated pulses until the transmittance of 5.8 eV {about 21 5 nm) light decreases by 2 % in 30 mm thick 
samples whose opposite surfaces were polished and which had been exposed to a KrF excimer laser beam (248 
nm) or to an ArF excimer laser beam (1 93 nm). 
40 Fig. 3 Is a schematic representation of a furnace for producing a high-purity synthette siltoa glass ingot by the oxy- 
hydrogen flame or direct method; 

Figs. 4A and 48 are schematic representations of a burner head for use with the fumace of Fig. 3; 

Fig. 5 is a schematic representation of a furnace for producing a high-purity synthetic silica glass ingot by the CVD 

soot remeiting method; 

45 Fig. 6 is a schematic representation of a burner head for use with the fumace of Fig. 5; 

Fig. 7 is an enlarged illustration of the relation between the burner and the forming ingot in Fig 5; 

Figs. 8A and 68 are schematic representations of how blanks are formed from glass ingots and optical members 

can be formed from the resulting blanks; 

Figs. 9 and 1 0 are diagrams showing how the refractive index distribution varies in accordance with the production 
so process. 

Detailed Description of Prefen-ed Embodiments 

[0037] The present inventors have discovered that, as demonstrated by the following examples, an increase in the 
55 OH group concentration together with the simultaneous presence of hydrogen dopant enhances the ability of a highly 
pure, striae free silica glass optical member to resist deterioration In its optical properties overtime when exposed to 
high-power ultraviolet laser radiation. The present inventors have further found that in order to secure the desired laser 
beam resistance to optical deterioration of a high purity silica glass optical member upon exposure overtime to high- 
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power ultraviolet light having a wavelength of about 360 nm or less, the OH group concentration of the optical member 
should be at least 50 wt. ppm. 

[0038] How the OH group concentration influences the optical properties is unclear, but without being bound to any 
particular theory, applicants offer the following possible explanation. 

5 [0039] When silica glass is irradiated by a high-power laser beam for a long period of time, the chemical bonds 
between elements constituting the glass network structure are gradually broken. As a result, the transmittance de- 
creases, absorption bands appear, and In the worst case, cracks occur. Applicants suppose that OH groups which are 
network temninators relieve stresses in the glass microstructure. It is thought that most of the fragments caused by the 
breaks of chemical bonds may be repaired by OH groups present in the silica glass or by the presence or diffusion of 

10 hydrogen atoms from OH groups, and that if OH groups are present in large amounts, even when chemical bond 
breakage occurs, the appearance of the absorption band decreases, and as a result the light absorption and the number 
of broken chemical bonds both decrease. 

[0040] Therefore, in accordance with the invention, the OH group concentration of the optical member should be 
Increased with decreasing wavelength and increasing energy density of the applied light. For example, if a laser beam 

15 having a wavelength of 250 nm or less is used, the OH group concentration Is preferably at least 1 00 wt. ppm. 

[0041] As for the concentration of the hydrogen dopant, it has been found that when an excimer laser beam having 
a short wavelength Is used, there is an optimum hydrogen concentration. Based on this finding, advantageous hydrogen 
dopant concentration ranges have been determined for different laser wavelength ranges. Since there is no standard 
test in the art for determining hydrogen dopant concentration, the hydrogen dopant concentrations in the test samples 

20 were measured in two different ways described in detail hereinafter. 

[0042] According to the first way of measuring, when the wavelength of a laser beam inradiating an optical member 
is about 250 nm or longer, it is sufficient to specify that the lower limit of the hydrogen dopant concentration is preferably 
at least 5x10^^ molecules/cm^ as shown in Figs. 1 Aand B. On the other hand, if the optical member Is inradiated by 
a laser beam of shorter wavelength such as an ArF (193 nm) excimer laser, the applicable hydrogen concentration 

25 range is narrowed, and the dopant concentration should be in the range from 5x10"*^ molecules/cm^ to 5 x 10^^ 
molecules/cm^ as shown in Figs. 2A and B. 

[0043] According to the second way of measuring, the hydrogen dopant molecule concentration is expressed in 
terms of the number of dopant molecules released per unit area when the temperature of the sample is raised to 1 ,000 
''C in a vacuum. In this case the molecule concentration is specified to be in the range from at least about l x lO^^^ 
30 molecules/m2 when the wavelength is about 250 nm, and preferably about 1 x 10^0 to 1 x 10^3 molecules/m^ ^hen 
the wavelength Is less than about 200 nm. 

[0044] It Is also necessary that the silica glass to be doped with hydrogen be free from striae at least in the direction 
of the incident light, and preferably in three directions of which one Is parallel and two are perpendicular to the incident 
light. Striae are apt to form during the production of silica glass containing such a large number of OH groups as stated 

35 above. In doping striae-containing silica glass with hydrogen, it is difficult to achieve a homogeneous distribution of 
the hydrogen, and unless the hydrogen is homogeneously distributed, the glass is unlikely to attain the desired degree 
of resistance to deterioration In its optical properties upon exposure to high-power ultraviolet laser radiation. This is 
believed attributable to the fact that the local heterogeneous distribution of OH concentration at the striae affects the 
distribution of hydrogen which depends strongly on the OH concentration. Hence, in striae-containing silica glass, heat 

40 treatments such as annealing and hydrogen doping do not produce highly homogeneous silica glass or yield high UV 
durability. 

[0045] Accordingly, the present invention calls for the combination offour factors to achieve the desired resistance 
to optical deterioration: (1) the use of high purity synthetic silica glass, (2) the elimination of striae at least in the incident 
light direction, (3) the presence of a sufficient OH group concentration, and (4) suitable hydrogen doping. The objects 

45 of the invention in its broadest sense are attained basically by satisfying these conditions. 

[0046] As noted above, it is desired to use the highest possible purity silica glass In the present invention. Since 
synthetic silica glass is slightly contaminated during heat treatment or other stages of the production of an optical 
member, however, the term "high purity" should be understood to mean only that the purity is within the following 
allowable degree of the contamination. It has been found that when the other conditions mentioned above are satisfied, 

50 the intended objects can be attained if the impurity content is such that the total amount of Li, Na, and K is 1 50 ppb or 
less, the total amount of Mg and Ca is 100 ppb or less, and the total amount of Tt, Cr, Fe, Ni. and Cu is 50 ppb or less. 
Preferably the impurity content is such that the amounts of metal impurities which may adversely affect the laser beam 
resistance are Na ^ 50 ppb, K ^ 50 ppb, Li ^ 50 ppb. Mg ^ 10 ppb. Ca ^ 10 ppb, Ti ^ 10 ppb, Cr ^ 10 ppb. Fe s 
10 ppb, Ni ^ 10 ppb. and Cu ^ 10 ppb. Thus, although slight contamination may occur during the production process, 

55 it is still possible to provide optical members commercially that can attain the desired objects. These metal impurities 
can be measured with radioactivation analysis or atomic absorption spectrometry. 

[0047] Synthetic silica is produced in two ways. The first way is the oxy-hydrogen flame hydrolysis method, some- 
times refen-ed to as the direct method. A suitable furnace for producing synthetic silica glass ingots according to this 
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method is illustrated in Fig. 3. A burner head 1 extends through an aperture in a plate 2 to the interior of a furnace 3. 
A window 4 Is provided to enable the process to be observed, and a port 5 is provided through which exhaust gases 
are withdrawn from the furnace chamber. A rotatable glass rod 7 is extended at an angle Into the furnace chamber 
where gases from the burner head can impinge against the end of the rod. Hydrogen gas is introduced through line 

5 11; a raw material gas either SiCl4 or 01-1381(001-13)3, is introduced to the burner through line 12. and oxygen is Intro- 
duced into the raw material gas line through line 13 and into the burner head through line 14. The raw material gas Is 
fed to the center port 16 of burner head 1 shown in Figs. 4A and 4B surrounded by an outer cylinder 15. A premixed 
flame is supported on a concentric annular tube 17, and oxygen is supplied through a plurality of annuiarly arranged 
tubes 18. Hydrogen is introduced through the space between the tubes 18. The raw material is oxidized at the burner 

10 head to form droplets of molten silica, which are collected and cooled on the rotating glass rod to form an ingot bar of 
synthetic silica glass. 

[0048] The second way is the chemical vapor deposit soot remelting method, also referred to as the CVD method 
or soot method. Afurnace arrangement suitable for carrying out this method is schematically illustrated in Fig. 5. A 
glass rod 7 rotated by a motor 8 extends Into the chamber of a furnace 3' provided with an electric heater 9. A burner 

15 v is also extended into the furnace 3' so that the gases from the burner can impinge against the end of rod 7. Helium 
and chlorine gas can be introduced through an inlet 4', and a port 5 Is provided for exhausting gases from the furnace. 
In this method, the SiCl4 or CH3Si(OCH3)3 raw material gas is introduced together with an inert gas such as argon or 
helium into the center tube 1 0 of burner 1 ' illustrated in Fig. 6. Oxygen gas is also introduced into center tube 1 0 through 
an inlet 1 3', and hydrogen gas is Introduced through a sun^ounding tube 1 1 ' which projects a distance "X" beyond center 

20 tube 1 0. Additional oxygen is introduced through a concentric outer tube 1 2* which projects a distance "Y" beyond tube 
11*. The feed material is oxidized to form a silica "fog" which Is condensed and collected on the end of rod 7 to form a 
porous silica ingots. As indicated by arrow 20 In Fig 5, burner 1 ' is able to swing to adjust the orientation of the burner 
with respect to the axis of rotation of an ingot fomiing on rod 7 to facilitate control of the OH and 01 concentration 
distributions in the ingot. 

25 [0049] The main difference between the oxy-hydrogen flame hydrolysis method and the chemical vapor deposit soot 
remelting method is the temperature of the flame which sun'ounds the raw material. In the direct method, the surround- 
ing flame is at the very high temperature of the premixed flame. In the CVD soot method, the temperature is the relatively 
lower temperature of the diffusion flame. The product of the OVD method is sometimes subjected to a dehydration 
treatment In a chlorine-containing atmosphere at a temperature of about 800 ^'O for a period of about 10 hours. 

30 [0050] As shown in Figure 7, the axis of the Ingot which forms is Inclined at an angle with respect to the burner head 
1 '. The concentration of OH groups is higher at the center of the burnerflame. If the flame center impinges on the edge 
of the ingot, the OH group concentration of the resulting ingot will be greater at the edge of the Ingot than in the center, 
thus yielding a concave OH group distribution curve. If the flame center is directed at the center of the ingot, then the 
OH group concentration Is higher at the center of the ingot than at the edge, yielding a convex OH group distribution 

35 curve. 

[0051 ] Figs. 8A and 8B are schematic representations of how a glass blank 1 1s fonmed by cutting down a glass ingot 
V. As represented at the bottom of each figure, the OH group distribution is not uniform throughout the blank, but 
instead is lower at the center of the blank than it is at the periphery. This is achieved by focussing the burner on the 
periphery of the Ingot as it fonms. An opposite effect, I.e. an OH concentration whteh is greater in the center than at 

40 the periphery can be achieved by focussing the burner on the center of the forming ingot. In Fig. 8B, the chlorine 
distribution also varies but in an inverse fashion; I.e. the concentration is higher at the center of the blank than it is at 
the periphery. This is achieved by using a gas mixture which is slightly rich in hydrogen and slightly lean in oxygen. 
The opposite effect, i.e. a chlorine concentration which is higher at the periphery of the blank than it is in the center 
can be achieved by using a gas mixture which is slightly lean in hydrogen and slightly rich in oxygen. If the OH con- 

45 centration distribution is a convex curve (high in the center and low at the outer periphery), then similar chlorine con- 
centration distributions can be achieved by reversing the hydrogen to oxygen ratios. It is generally easier to operate 
with a gas mixture which is slightly rich In H2 and slightly lean in O2. The gas mixture ratios may be varied progressively 
as the glass ingot builds up in order to adjust the chlorine concentration distribution. A plurality of optical members 2A, 
28, 20, etc. can be formed from each blank by conventional cutting, grinding and surface treating steps. 

50 [0052] The OH group concentration distribution and the CI concentration distribution in the synthetic silica glass ingot 
can be controlled not only by adjusting the mixing ratio of the raw material gas and the oxy-hydrogen gas but also by 
adjusting, for example, the shape or the position of the burner of the synthesis apparatus as described above. 
[0053] In some cases oxygen defects occur in synthetic silica glass starting material due to differences between 
production methods, for example between the CVD soot method and the oxy-hydrogen flame hydrolysis method, or 

55 due to the production conditions. It has been found that If synthetic silica glass having oxygen defects in the network 
matrix (SiOa) is subjected to hydrogen doping in a heated atmosphere, the oxygen defects are amplified, thereby 
resulting in faster deterioration of optical properties under laser beam irradiation. Therefore, in a preferred embodiment 
of the invention, a heat treatment under a prescribed atmosphere is can-ied out in order to remove oxygen defects in 
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the optical member before the hydrogen doping treatment. 

[0054] The reason why the presence of oxygen defects adversely affects the optical properties is not known. However, 
without being bound to any particular theory, applicants may offer the following possible explanation. It is believed that 
the combined influence of impurities and-oxygen defects existing in the glass matrix weakens the chemical bonds 
5 between elements constituting the glass matrix in comparison with the chemical bonds between elements of ideal silica 
glass, and that the bonds between elements thus are more easily broken when exposed to a high-power ultraviolet 
laser beam for an extended period of time, and therefore changes occur in the structure of the glass matrix, causing 
the optical properties of the glass to deteriorate. 

[0055] As used herein, the term "substantially free from oxygen defects" is understood to mean that the concentra- 
te tions of deficient oxygen atoms and excess oxygen atoms (peroxy-linkages) in the glass matrix measured using the 
method of Shelby. "Reaction of hydrogen with hydroxyl-free vitreous silica". J. Appi. Phys., Vol. 51 , No. 5 (May 1980), 
pp. 2589 - 2593. are lower than the limits of detection, and that quantitatively the number of deficient or excess oxygen 
atoms in the glass matrix (SiOg) is not more than about 10^^ gram of glass. According to the method of Shelby, 
the concentration of excess oxygen in the excess oxygen defects is quantitatively measured by determining the differ- 
IS ence in infrared absorption of OH groups before and after reacting the excess oxygen with hydrogen at high temper- 
atures of 500 to 850 degrees. The presence of excess oxygen defects can be detected by the decrease in the UV 
transmission shown by an absorption band at 3.8 eV (325 nm). The concentration of deficient oxygen in the oxygen 
deficiency defects can be quantitatively measured with vacuum UV as suggested by H. Hosono et al., "Structural 
Defects and Vacuum UV Absorption in High Purity Synthetic Silica Glasses", Ceramics, Vol. 22 (1987), No. 12, pp. 
20 1047-1051, by determining the absorption peak at 7.6 eV (163 nm) which decreases when oxygen deficiency defects 
react with oxygen gas at high temperatures. See also H. Imai, et al., "UV and VUV Optical Absorption due to intrinsic 
and Laser Induced Defects in Synthetic Silica Glasses", The Physics and Technology of Amon^hous S\0o , LesArcs, 
France (June 29 - July 3, 1987). Oxygen deficiency defects can also be detected by photoluminescence'emitted at 
about 4.3 eV when a sample is irradiated with a 5 eV (248 nm) KrF excimer laser. 
25 [0056] In accordance with a further prefen-ed embodiment of the invention, an optical member is provided which has 
high optical homogeneity in spite of the f ictive temperature distribution which arises during heat treatment of the glass 
from which the member is formed. In this preferred embodiment, the refractive index is made unifonm by compensation 
or mutual offsetting between two factors which tend to produce nonuniform distributions of the refractive index. The 
first is the fictive temperature distribution which inevitably occurs during the annealing process, and the second is a 
30 distribution of the OH concentration which is produced in a controlled manner by adjusting the distribution of OH groups. 
[0057] Although a uniform refractive index theoretically could be attained by achieving a uniform fictive temperature 
distribution, in practice it is not possible to achieve a uniform fictive temperature distribution. Since, as stated above, 
heating/cooling treatment of a highly pure synthetic silica glass mass having a uniform composition results in a refractive 
index distribution which varies depending on the fictive temperature distribution, a refractive index distribution Is pro- 
35 duced corresponding to a curve which ascends successively from the central portion of the glass mass toward the 
peripheral portion, i.e. an axially symmetrical refractive index distribution which has a concave shape as shown by the 
curves (C) in Fig. 9. 

[0058] In order to offset the refractive index distribution (0) induced by the fictive temperature distribution and produce 
a uniform overall refractive Index distribution as shown at (A) in Fig. 9, It Is necessary that the silica glass mass to be 

40 annealed have an OH group concentration distribution which produces an opposite refractive index distribution, i.e. 
an axially symmetricat refractive index distribution having a convex shape decreasing from a central zone toward 
peripheral zone as shown by the curves (B) in Fig. 9. The OH-group concentration in silica glass can be measured by 
IR absorption spectrophotometry according to the method of D. M. Dodd et. al., "Optical Determinations of OH In Fused 
Silica", (1 966). p. 3911 . Since there is an inverse con-elation between the OH group concentration distribution and the 

45 refractive Index distribution, by selecting a concave OH group concentration gradient, a refractive index distribution 
(B) Is produced that can offset ttie refractive index distribution (0) induced by the aforementioned fictive temperature 
distribution. This compensation or offsetting enables the desired effects of the present invention to be achieved. 
[0059] Additionally, since the laser beam resistance depends not only on the concentration distribution of OH group 
but also on the OH group content as described above, unless the glass has a sufficient OH group content as well as 

so an appropriate OH group concentration distribution, optical members having both the desired optical unifonmity and 
resistance to optical deterioration cannot be obtained. 

[0060] Although the present invention basically makes use of the OH group concentration distribution to effectively 
compensate for the refractive index distribution induced by the fictive temperature distribution, since in many cases 
the synthetic silica glass used in the present invention is made from high purity silicon tetrachloride raw material, some 
55 quantity of 01 is also present together with OH groups. Consequently, it may be difficult to suppress variations in the 
refractive index, i.e to achieve a uniform refractive index, without also taking into account the Influence of the CI. The 
CI concentration in silica glass can be measured by the nephelometric method for determining chlorine as silver chlo- 
ride. Accordingly, in a further prefenred embodiment of the present invention, three major factors are considered which 
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influence the refractive index, namely the fictive temperature, the OH concentration and the CI concentration. Through 
controlling the distribution of each of these three factors, variations in the overall refractive index can be suppressed 
more effectively. The present invention provides blanks in v/hich the OH group concentration and the CI concentration 
both vary progressively from the central zone toward the peripheral zone without any inflection point as shown in Fig. 1 0. 

5 [0061] As noted above, since heating/cooling treatment of synthetic highly pure silica glass having a unifonm com- 
position results in variation of the refractive index distribution depending on the fictive temperature distribution, anneal- 
ing causes a refractive index distribution along a curve ascending progressively from the central zone of the glass 
mass toward the peripheral zone, i.e. an axially symmetrical refractive index distribution having a concave shape as 
shown by curves (C) in Fig. 10. Therefore, in order to obtain a uniform refractive index as shown in (A) by offsetting 

10 the distribution (C) induced by the fictive temperature distribution, it is necessary that the silica glass mass to be 
annealed have an opposite refractive index distribution which is determined by the OH group concentration and the 
CI concentration distribution, i.e. an axially symmetrical refractive index distribution having a convex shape descending 
from the central zone toward peripheral zone as shown by the curves (B) for Sample Nos. 31 through 33 in Fig. 10. 
Accordingly, in blanks of this embodiment of the invention, the OH group concentration and CI concentration are varied 

15 successively without any inflection point from the central zone to the peripheral zone, thereby making the refractive 
index distribution as viewed in a sectional plane through the glass member to have the shape shown in (B). 
[0062] As can be seen from Fig. 1 0, there is an inverse correlation between the OH group concentration distribution 
and the refractive index distribution. On the other hand, there is a direct correlation between the CI concentration 
distribution and the refractive index distribution. Therefore, by selecting a combination of the OH group concentration 

20 distribution and the CI concentration distribution such that the cun/es identified as No. 31 , No. 32 and No. 33 in Fig. 
1 0 are formed, it is possible to produce a refractive index distribution (B) which compensates for or offsets the refractive 
index distribution (C) caused by fictive temperature distribution. Thus, blanks can be provided in which the refractive 
index inhomogeneity (6n) is 2 x lO-^ or less, and which are very suitable for optical members to be used for a short- 
wavelength laser beam, particularly an excimer laser beam. 

25 [0063] Further details of the invention will be apparent from a consideration of the following, non-limiting examples. 

Examples 

I. Examples of Synthetic Silica Glass and Method for Its Production 

30 

[0064] In order to produce high-purity synthetic silica glass, silicon tetrachloride raw material was distilled to remove 
impurities and stored in a stainless steel container lined with a fluorocart3on resin ("DuPont Teflon"). The resulting high- 
purity silicon tetrachloride was used to synthesize high-purity silica glass ingots by the oxy-hydrogen flame hydrolysis 
method and the CVD soot method. 

35 [0065] Each of the ingots which were produced had strong striae, and consequently exhibited a high birefringence. 
In order to render the ingots suitable for use as optical members, the ingots must be annealed or heat treated to remove 
the striae and reduce the birefringence. Generally the birefringence should be reduced to 5 nm/cm or less. 
[0066] The refractive index inhomogeneity (6n) of each of the ingots was measured with an interferometer using a 
He-Ne laser having a wavelength of 633 nm and found to be around 2x10**. 

40 [0067] Then the Ingots were homogenized by a floating zone method as described in U.S. Patent Nos. 2.904,713; 
3, 1 28, 1 66; 3. 1 28. 1 69 and 3.485,61 3. The ingots were subjected to heat and elongated to form silica glass bars having 
a desired diameter. Each of the bars was placed on a lathe to be held. Then the bar was heated above the softening 
point of the silica glass with a multi-port gas burner. During the softening process, the bar was twisted until the striae 
in the bar were removed to yield a bar which is free of striae In three dimensions. 

^ [0068] The striae-free bars were heat formed into arbitrary shapes to obtain ingots which were free from striae in 
three dimensions and in which the refractive index inhomogeneity (5n) was suppressed to not more than 2x10-^. 
[0069] The ingots were placed in a very clean electric furnace having a tungsten heater in a stainless steel jacket, 
and were degassed under a vacuum atmosphere of less than 0.1 atmosphere pressure while being heated at 200 to 
1 ,000 '^C, preferably 600 to 800 "C, and then cooled. For convenience, this treatment will be referred to hereinafter as 

50 degassing; The degassed ingots were then subjected to heating/cooling under an inert gas atmosphere at standard 
pressure in the same electric furnace at about 1 .1 00 '^C to carry out the annealing treatment, thereby producing ingots 
corresponding to the blanks of the present invention. The reason why the heat treatment temperature for the annealing 
was about 1,100 "C was that the strain point of synthetic silica glass was considered to be about 1020 **C and the 
annealing point was considered to be about 11 20 ^'C, and it was believed very effective to cany out the heat treatment 

55 in the temperature range Including the glass transition range from 1 020 'C to 11 20 •C in order, for example, to remove 
internal strains. 

[0070] The contents of alkali metal elements, Li, Na, and K; alkaline earth metal elements, Mg and Ca, and transition 
metal elements, Ti, Cr, Fe, Ni. and Cu of the heat-treated ingots were analyzed, and the values which were obtained 
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are listed under Nos. 1 and 11 in the following Table 1 . 



Table 1 



5 



10 



15 



Analysis of Impurities (wt. ppb) 


Test No. 


No. 1, 11 


No. 18 


No. 6 


Li 


<50 


<50 


<50 


Na 


<50 


360 


110 


K 


<50 


220 


50 


Mg 


<10 


120 


50 


Ca 


<10 


80 


40 


Ti 


<10 


<10 


<10 


Cr 


<10 


60 


30 


Fe 


<1Q 


240 


40 


Nl 


<10 


<10 


<10 


Cu 


<10 


<10 


<10 



In none of the ingots was the total content of LI, Na, and K over 150 ppb; the total content of Mg and Ca over 100 ppb, 
or the total content of 71, Cr, Fe, Ni, and Cu over 50 ppb. This shows that the high-purity was retained, 
[0071] The glass was cut into pieces of desired size, and the hydrogen molecule concentration.was measured. As 
noted above, no standard method has been established for measuring the hydrogen molecule concentration of glass 
blanks. but two methods are known. The first Is described in Khotimchenko, et al.. "Detenmining the Content of Hydrogen 
Dissolved in Quartz Glass Using the Methods of Raman Scattering and Mass Spectrometry", Zhumal Prikladnoi 
Spektroskopii. Vol. 46, No. 6, pp. 987 to 991 , June 1 987 wherein the ratio of the scattering intensity 1 at 4135 cm-'^ and 
800 cm'i is determined by "an argon laser Raman scattering spectrophotometer," and the hydrogen concentration C 
(H2 molecules/cm3 glass) is calculated according to the following equation: 

30 0 = [I (41 35 cm""* Mi (800 cm'**)] x k 

where k = 1 .22 x 1021 (constant). 

[0072] In the second method a sample is prepared by cutting the glass blank into a 40 x 20 x 1 1 mm piece and 
polishing the opposite surfaces. Then, following the procedure of Y. Morimoto, "Gases Released from Silica Glass", 

^ pp. 1 6 - 25, the sample is placed inside a silica glass chamber In a furnace which was connected to a pair of turbo- 
molecular pumps to produce a vacuum atmosphere down to 1 x 10-^ Pa, the temperature is raised to 1 ,000 'C at a 
heating rate of 4 ""C/min and maintained at 1 ,000 ^C for 2 hours. During the heating the total pressure of the evacuated 
gases is measured with nude type pressure gages, and the partial pressure with mass spectrometers. The released 
gases are introduced into a quadaiple type gas mass spectrometer so that the released gas amounts are directly 

^ measured. The amount of each gas released is calculated as an area which is the product of measured pressure and 
time. The gas content In the thin specimen is expressed in terms of gas volume per unit area of the specimen. 
[0073] In this example, measurements werB can-ied out by both methods using an Ar Laser Raman Spectrometer. 
Type NR-1100 manufactured by Japan Spectroscopic Co., Ltd. and a mass spectrometer arrangement as described 
by Morimoto. 

^ [0074] Then each sample obtained from blanks of high-purity synthetic silica glasses produced by the oxy-hydrogen 
flame hydrolysis method (direct method) and the CVD method (soot method) which had been annealed to remove 
residual strain from the silica glass, was cut into pieces having a size of 40 x 30 x 1 30 mm and the opposite surfaces 
were fine polished to prepare from each sample at least two quasi-optical member test pieces for the excimer laser 
exposure test. 

50 [0075] One piece of each sample was irradiated with a KrF excimer laser (248 nm) at a pulse energy density of 400 
(mJ/cm2 pulse) and a frequency number of 100 Hz while the change in the transmiitance of 5.8 eV (about 215 nm) 
light over time was measured with a UV spectrophotometerfor detecting the E* center absorption band. The number 
of irradiated pulses until the transmittance in each sample decreased by 2 % was determined. The relation between 
the hydrogen concentration and the total number of irradiated pulses until the transmittance decreased by 2 % is plotted 

^ in Figs. 1 A or 1 B for each sample. 

[0076] The second piece of each sample was irradiated with an ArF excimer laser (193 nm), which has a shorter 
wavelength than a KrF excimer laser (248 nm). The total number of irradiated pulses until the transmittance decreased 
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by 2 % was measured with the pulse energy density being 100 (mJ/cm^ pulse) and other conditions being the same 
as above. The relation between the number of Irradiated pulses until the transmittance decreased by 2% and the 
hydrogen concentration is plotted in Figs. 2A or B for each sample. 

[0077] It was found that the resistance to optical deterioration was not satisfactory despite the high purity of the lest 
5 pieces. As can be seen, the number of irradiated total pulses until the transmittance decreases by 2% in each of the 
samples of synthetic silicon glass (sample Nos. 1 and 11) was less than 1x10^ (pulses) which represents a practical 
minimum working limit which an optical member ought to be able to withstand. 

[0078] The effect of hydrogen doping on the resistance of glass to optical deterioration upon exposure to a laser 
beam was also Investigated using annealed ingots which had been doped with hydrogen in a pressurized atomsphere. 

10 In order to dope the ingots with hydrogen, the degassed Ingots were annealed under a hydrogen atmosphere at a 
pressure of about 1 0 kg/cm^ in a clean electric furnace having a stainless steel jacket, and then the hydrogen concen- 
tration of the resulting ingots and the total number of irradiated pulses until the transmittance decreased by 2% at 5.8 
eV (about 21 5 nm) were measured. The relation between the hydrogen concentration and the total number of irradiated 
pulses until the transmittance decreased by 2% was plotted in Figs. 1 A and B and Figs. 2A and B. The results showed 

15 that the ultraviolet laser beam resistance of test pieces prepared from the high-purity ingot produced by the flame 
hydrolysis method was superior. For Sample No. 12 prepared by the CVD soot method, the total number of irradiated 
pulses was not over 1 x 1 0^ (pulses), i.e. the desired minimum laser beam resistance could not be obtained. In contrast 
thereto, for Samples No. 2 prepared by the oxy-hydrogen flame hydrolysis method, the total number of in'adiated pulses 
was not less than 1x10^ (pulses), i.e. very advantageous laser beam resistance could be obtained. The differences 

20 in physical properties between the ingot produced by the flame hydrolysis method and the ingot produced by the CVD 
soot remelting with dehydration method were determined, and it was found that the OH group concentration of the 
ingot produced by flame hydrolysis was considerably higher than the OH group concentration of the ingot produced 
by the CVD soot method. The OH group contents in the ingots were determined using an NIR Spectrophotometer, 
Type UVIDEC-590, manufactured by Japan Spectroscopic Co., Ltd. The ingots prepared by the oxy-hydrogen flame 

25 hydrolysis method were found to have an OH group content of 800 wt. ppm, while the Ingots prepared by the CVD 
soot method had an OH group content of 5 wt. ppm or less. Therefore, ingots having higher OH group concentrations 
(Sample Nos. 1 4, 1 5 and 1 6) were produced by the CVD soot method by adjusting the oxy-hydrogen flame conditions, 
and the relation between OH group concentration and resistance to ultraviolet laser damage was investigated. It was 
found that the laser beam resistance depends on the OH group concentration and that the laser beam resistance was 

30 poor unless the OH group concentration was at least 50 ppm, preferably at least 100 ppm. 

[0079] Further, the effect of hydrogen doping concentration was tested at various hydrogen pressure conditions. It 
was found that particularly when an excimer laser beam of high energy density and short wavelength was used, that 
good laser beam resistance depended on the presence of a sufficient hydrogen doping concentration to inhibit de- 
creases in light transmittance overtime. 

35 [0080] Oxygen deficiency and excess oxygen defects were determined by measuring the respective absorption 
bands using an a UVIDEC-61 0 Ultraviolet Spectrophotometer and a VUV-200 Vacuum Ultraviolet Spectrophotometer, 
both manufactured by Japan Spectroscopic Co., Ltd. 

[0081] The characteristic values of the test samples are shown in the following Tables 2A and 28: 
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[0082] When the differences between the chemical properties of the high-purity ingots prepared by the oxy-hydrogen 
flame hydrolysis method and the CVD soot method were investigated, the OH group content of the ingots prepared 
by the oxy-hydrogen flame hydrolysis was found to be very high. Therefore, when high-purity synthetic silica glass was 
produced by the CVD soot method, the mixing ratio of the silicon tetrachloride raw material gas and the oxy-hydrogen 
flame was adjusted as needed to produce ingots containing OH groups in amounts of 50 wt. ppm, 200 wt. ppm, and 
400 wt. ppm, (Sample Nos. 13, 14, and 15) respectively. After the resulting ingots were degassed as described above, 
they were subjected to a simultaneous annealing/hydrogen doping treatment. The hydrogen concentration of the re- 
sulting ingots and the total number of irradiated pulses until the transmlttance decreased by 2% were measured as 
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described above. 

[0083] For ingots having an OH group content of 50 wt. ppm Irradiated with a KrF excirrier laser, the total number of 
irradiated pulses was about 1 x 10^ to 1 x 10^ (pulses), i.e. the minimum laser beam resistance could be obtained. For 
ingots having an OH group content of not less than 200 wt. ppm inradiated with a KrF or an ArF excimer laser, the total 
5 number of irradiated pulses was not less than 1 x 10^ (pulses), i.e. very advantageous laser beam resistance could 
be obtained. These tests show that the ability to resist optical deterioration from exposure to a short wavelength ultra- 
violet laser beam depends on the OH group content in the presence of hydrogen gas. 

[0084] Further, when high-purity ingots having an OH group content increased to 1 .200 wt. ppm (Sample No. 8) were 
produced by the flame hydrolysis method, and were heat-treated In the same manner as above, very favorable laser 

10 beam resistance could be obtained. 

[0085] In order to confirm the relationship between the laser beam resistance and the hydrogen doping concentration 
for samples having an OH content of 200 wt. ppm, produced either by the CVD soot method or by the oxy-hydrogen 
flame hydrolysis method, ingots were produced by a process involving simultaneous annealing and hydrogen doping 
treatment under pressurized conditions at standard pressure, a pressure of 10 atmospheres, and a pressure of 100 

t5 atmospheres, respectively. The hydrogen concentration and the total number of in'adiated pulses until the transmittance 
at 5.8 eV decreased by 2% were measured for each of the samples. The relationship was plotted as shown in Figs. 1 
and 2 (Nos. 2, 3. 4, 14, 16 and 17). 

[0086] As can be seen from Figs. 1 A and B, with respect to the relation between the hydrogen concentration and 
the laser beam resistance to the KrF excimer laser (248 nm), the saturation value was from 1 x 10^^ to 1 x 10^ 

20 (molecules/cm3). It is expected that as the saturation value decreases, the laser resistance will also decrease. The 
hydrogen gas concentration range from 5 x 10^® to 5 x 10^^ (molecules/cm^) was within useful limits of resistance. 
[0087] On the other hand, in ArF excimer laser (193 nm), as shown in Figs. 2A and B, at the lower limit of pulse 
resistance, the hydrogen concentration was not less than 5 x 10^^ (molecules/cm^), which was similar to the minimum 
value observed for the KrF laser, but the existence of a maximum value became more apparent compared to a KrF 

25 excimer laser (248 nm). It is expected that if the hydrogen gas concentration is at least 1x10^ (molecules/cm^), the 
total number of irradiated pulses which the optical member can withstand without a 2% decrease in transmittance will 
not exceed 1 x 1 0^ (pu Ises), i.e. the ArF laser beam resistance would decrease to or below the lower limit of the usable 
range. 

[0088] The adverse effect of metal element impurities on the resistance of an optical member to deterioration upon 
30 irradiation by short wavelength light, particularly an excimer laser beam, was confirmed by determining the resistance 
of prepared test pieces to optical deterioration over time upon exposure to a high-power ultraviolet laser beam. 
[0089] To confirm how impurity metal elements present In the glass matrix affect UV laserbeam resistance, synthetic 
silica glasses were produced by the oxy-hydrogen flame hydrolysis method and the CVD soot method (OH group: 
content 200 wt. ppm) using low-purity (undistiiled) silicon tetrachloride raw material alone (Sample No.18) or mixed 
35 50/50 with high-purity (distilled) silicon tetrachloride raw material (Sample No. 6). The impurity contents were analyzed, 
and the results are listed in the table 1 above. 

[0090] After the low purity ingots were degassed in the manner described above, they were subjected to simultaneous 
annealing and hydrogen doping treatment. The hydrogen concentration and the total number of irradiated pulses until 
the transmittance decreased by 2% were measured as described above. For both Sample No. 18 and Sample No. 6, 
40 the laser beam resistance was less than the minimum usable limit. These results show the necessity of using high- 
purity material. 

[0091] Experiments were also carried out to determine the allowable range of metal impurities and it was determined 
that to achieve good resistance, the total content of Li, Na, and K should be 150 ppb or less, the total content of Mg 
and Ca should be 100 ppb or less, and the total content of Ti, Or, Fe, Ni, and Cu should be 50 ppb or less. 

45 [0092] With respect to ingots that were made of high-purity synthetic silica glass produced by the oxy-hydrogen flame 
hydrolysis method and ingots that were made of high-purity synthetic silica glass produced by the CVD soot method 
(OH group content 200 wt. ppm) subjected to a simultaneous annealing and hydrogen doping treatment, but not to 
any heat treatment under an oxidizing atmosphere, the hydrogen concentration and the total number of irradiated 
pulses were measured in the same manner as above. The laser beam resistance was decreased only in the samples 

so produced by the CVD soot method. Therefore, the samples were tested by the method of Shelby for the presence of 
oxygen defects, and oxygen deficiency defects were observed (Sample No. 19). 

[0093] As described above, If ingots having oxygen deficiency defects are doped with hydrogen gas, the number of 
oxygen defects increases in some cases, depending on the conditions of the atmosphere. Therefore, if ingots contain 
oxygen defects, it is recommended to remove the oxygen defects before hydrogen doping. If the oxygen defects are 
55 removed first, then there are no restrictions on the nature of the atmosphere under which the annealing treatment can 
be carried out, thereby for example allowing a reducing (H2) atmosphere to be used which enables simultaneous 
hydrogen doping to be effected. In this production procedure, since the annealing treatment and the hydrogen doping 
treatment are integrated, the production time needed for all the steps can be shortened, and the heat treatment energy 
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can be used efficiently. 

[0094] However, if the annealing and hydrogen doping are earned out simultaneously in the production process, it 
becomes necessary to carry out hydrogen doping under a high-temperature atmosphere for the annealing treatment, 
and the treating time is liable to be restricted. Consequently, it may be difficult to carry out both the treatments very 

5 smoothly. If such difficulties arise, the annealing treatment and the hydrogen doping treatment may be carried out 
separately. In such a case a degassing step can be candled out after the annealing treatment step, and the hydrogen 
doping step is advantageously perto rmed as the final heat treatment step to facilitate control of the doping concentration. 
[0095] For example, to produce an optical glass, high-purity synthetic silica glass ingots prepared based on the CVD 
soot method (OH group content 200 wt. ppm) were placed in a clean electric furnace with a silicon carbide heater in 

10 a high-purity alumina block in an oxygen containing atmosphere and heated at about 1 ,1 00 •C and cooled to eliminate 
oxygen deficiency defects and to anneal the glass. The heating and cooling program was as follows: (1) the ingots 
were first held at a temperature of approximately 1 ,100 °C for 50 hours; (2) the ingots were then allowed to cool at a 
rate of -2 degrees per hour to a temperature of 900 ""C; and (3) the power source was switched off and the furnace 
with the ingots therein was allowed to cool to room temperature. The ingots were then placed in an electric furnace 

IS having a tungsten heater in a stainless steel jacket, degassed by heating at 600 to 800 ""C under a vacuum atmosphere 
having a pressure of less than O.i atmosphere, and then cooled. The ingots were subsequently heated under a hy- 
drogen gas atmosphere at a pressure of 1 0 atmospheres in the same electric furnace at about 500 to 900 for from 

10 to 100 hours, depending on the size of the ingot, and thereafter the ingots were cooled at a controlled rate of 
approximately 1 00 *C per hour to a temperature of about 200 "C, after which they were allowed to cool to room tem- 

^ perature. The hydrogen concentration and the total number of irradiated pulses until the transmittance decreased by 
2% were measured for the resulting ingots, and the total number of irradiated pulses was never less than 1 x 10^ 
(pulses) (Sample No. 20). Thus, a very advantageous laser beam resistance was obtained. 

11 Example of a High Homogeneity Optical Member With Compensated Index of Refraction Distribution 

25 

[0096] Although only the laser beam resistance was considered in the preceding Example of the invention, unless 
the variation of the refractive index which is caused by the annealing or other factors Is compensated for to provide a 
highly optically homogeneous synthetic silica glass optical member for use in a laser lithography apparatus, It is not 
possible to expose a submicron scale fine line to produce a large scale Integrated circuit. A further prefen-ed embod- 
30 Iment of the present invention will now be described which Includes a procedure for producing an optical member with 
such high optical homogeneity. 

[0097] First, a silicon compound raw material, CH3SI(OCH3)3, was subjected to distillation treatment to remove im- 
purities, and the resulting high-purity raw material was stored in a stainless steel container lined with polytetrafluor- 
oethylene ("DuPont Teflon"). The purified raw material was subjected to hydrolysis in an oxy-hydrogen flame to form 

35 a synthetic silica glass cylinder. The mixing ratio of the gases in the oxy-hydrogen flame was adjusted as described 
above and the bumer was focussed on the periphery of the forming ingot such that the OH group concentration in a 
sectional plane orthogonal to the cylinder axis had a minimum value at the center and increased to a peak value near 
the outer periphery. The periphery of the ingot was then trimmed away to obtain a blank in which the OH group con- 
centration had a substantially parabolic curved distribution which increased progressively from the center to the outside. 

40 The OH group concentration distribution in the synthetic silica glass ingot was controlled not only by adjusting the 
mixing ratio of the raw material gas and the oxy-hydrogen gas. but also by changing, for example, the shape or the 
position of the bumer of the synthesis apparatus with respect to the forming glass ingot as described above. 
[0098] Ingots having the OH group concentration distributions shown under Sample Nos. 21 and 22 in Fig. 9 were 
produced using the above control technique. The ingots identified by Sample Nos. 21 and 21' were produced at gas 

45 flow rates of 25 - 30 g/min for CH3Si(OCH3)3, 300 - 400 l/min for hydrogen (Hg), and 200 250 l/min for oxygen (O2). 
The ingots identified by Sample Nos, 22 and 22' were produced at gas flow rates of 25 - 30 g/min for CH3Si(OCH3)3, 
200 - 300 l/min for hydrogen (Hg). and 1 50 - 200 l/min for oxygen (Og). In both cases, the bumer was focussed on the 
periphery of the forming ingots to produce an OH group concentration distribution which had a minimum value at the 
center of the blank and increased progressively to a peak value near the outer periphery. Then, after the ingots were 

50 cooled to room temperature, the outer peripheral side surface and the top and bottom.surfaces of the cylindrical ingot 
were ground away to form (|> 160 x t 30 mm blanks. The OH group concentration distribution was measured with a 
U\/IDEC-590 NIR spectrophotometer manufactured by Japan Spectroscopic Co. , Ltd. In the blank produced from Sam- 
ple No. 21 the OH group concentration increased from a minimum value of about 300 ppm at the center to a maximum 
value of about 330 ppm at the outer margin. The OH group concentration of the blank produced from Sample No. 22 

55 varied from a minimum value of about 1 00 ppm at the center to a maximum of about 1 30 ppm at the periphery. 

[0099] The refractive index distribution of each sample was measured with a He-Ne laser (633 nm) interferometer. 
Thus, a refractive index inhomogeneity (6n). i.e. a variation in the refractive index between the maximum point and the 
minimum point of the refractive index distribution curve (B), corresponding to the OH group concentration distribution 
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curve was produced which was inversely correlated to the refractive index distribution induced by the f ictive temperature 
distribution arising during the heating/cooling annealing treatment of the glass ingot. 

[0100] The fictive temperature distribution fluctuation Is influenced by the existing heat treatment and by the diameter 
of the synthetic silica glass ingot. Since the fictive temperature inhomogeneity (5FT) in the effective region or clear 
5 aperture of the optical member is not more than 4 'C, the minimum values of the OH group concentration were selected 
to be 300 wt. ppm and 100 wt, ppm. for Sample Nos. 21 and 22, respectively, and the OH group concentration inho- 
mogeneity (60H) was selected to be within about 60 wt. ppm. 

[0101] Silica glass ingots having the aforementioned OH group concentrations of 1 00 and 300 wt. ppm were placed 
in an extremely clean electric furnace having a tungsten heater In a stainless steel jacket, degassed by heating at 600 

10 to 800 **C under a vacuum atmosphere at a pressure of less than 0.1 atmosphere, and then cooled. The degassed 
ingots then were heated at a temperature of about 1 ,1 00 and held for 50 hours under a hydrogen gas atmosphere 
to carry out a simultaneous annealing and hydrogen doping treatment, and they were subsequently cooled to a tem- 
perature of 900 ''C per hour at a rate of -2 *C per hour and then to a temperature of 200 *C at a faster rate to maintain 
the fictive temperature inhomogeneity (5FT) at about 2 ""C in the effective region orclear aperture. Once the temperature 

IS reached about 200 ''C or less, the ingots then were allowed to cool In the furnace to room temperature (Sample Nos. 
21 and 22). 

[0102] For comparison purposes, ingots were prepared which were treated in the same manner as described above 
except thait they were only annealed in an air atmosphere (Sample Nos. 21 ' and 22'). 

[0103] The fictive temperature Inhomogeneity (5 FT) was selected to be within about 2 ^0 because if it is greater 

20 than about 2 the fictive temperature distribution curve Is likely to be irregular. 

[01 04] Consequently, the refractive Index distribution curve (C) in Fig. 9 induced by the fictive temperature distribution 
(6FT) in the sectional plane through the axis of the cylindrical blanks exhibits a minimum value at the axis of the blank 
and progressively increasing values toward the outer periphery. More specifically, an upwardly concave (substantially 
parabolic) refractive Index distribution curve results in which the minimum value of the refractive index is at the center 

25 of the blank and which is a substantially symmetrical mirror image of the refractive index distribution curve (B) in Fig. 
9 based on the OH group concentration distribution. 

[0105] Therefore, since the overall the refractive Index distribution cun/e (A) of a silica glass blank prepared from 
the heat-treated silica glass ingot by grinding away its outer peripheral portion, is the sum of the refractive index dis- 
tribution (0) Induced by the fictive temperature distribution (5FT) and the refractive index distribution (B) produced by 
30 the OH group concentration distribution (BOH), and since these refractive Index distribution curves (B) and (C) sub- 
stantially offset each other, a highly homogeneous silica glass blank can be obtained having a very small overall re- 
fractive index Inhomogeneity (6n). 

[0106] For example, a commercial optical member, prepared by cutting a desired part of such a blank 1 as illustrated 
in Figs. 8A and 8B to produce an optteal member 2A. 2B or 2C having a laser beam incident surface 2a oriented normal 
35 to the cylinder axis and then grinding and polishing as necessary, had a refractive Index Inhomogeneity (5n) of not 
more than 2 x 10-^, thus showing high homogeneity. 

[0107] Quasi-optical member test pieces for an exclmer laser exposure experiment were prepared from blanks which 
were cut to a size of 40 x 30 x 1 30 mm followed by polishing and final polishing of the opposite surfaces. In order to 
facilitate measurement of the Hg gas content, polished samples having a size of 40 x 20 x 1 1 mm were prepared for 
40 measuring the amount of Hg released under vacuum conditions. The resulting test pieces were exposed using a KrF 
excimer laser (248 nm) under the following combinations of conditions: 

energy densities per pulse of 100. 200. 400. and 800 (mJ/cnrf.puise), and 

total numbers of irradiated pulses of 1 x 10*, 1 x 10^ and 1 x 10^ (pulses), respectively. 

45 

The variation In the refractive index distribution in the exposed test pieces was measured with a He-Ne laser (633 nm) 
interferometer. The loss of transmlttance was measured with a UV spectrophotometer, and the fluorescence Intensity 
was measured with a fluorescence spectrophotometer. The experimental results are illustrated in Fig. 9. 
[0108] As can be seen from Fig. 9, very favorable results with respect to the fluorescence, the transmlttance, the 
50 refractive index fluctuation, and the crack formation were obtained with Sample Nos. 21 and 22. But for Sample Nos. 
21' and 22', which were annealed under an air atmosphere Instead of a hydrogen atmosphere and from which only 
low amounts of Hg were released, desirable results were not obtained. 

[0109] In orderto determine the effects of the OH group concentration, a blank was produced in which the gradient 
of the OH group concentration distribution was increased sharply so that it did not correspond to the refractive index 
55 distribution (G) induced by the fictive temperature distribution (Sample No. 23). The OH group concentration of the 
blank of Sample No. 23 varied from a minimum value of about 100 ppm at the center to a maximum value of about 
250 ppm at the periphery. 

[0110] Comparative sample pieces were produced from these blanks in the same way as described above for Sample 
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Nos. 21 and 22, and the same tests described above were carried out on these comparative samples. In Comparative 
Example 23. only the occurrence of chemical bond breakage was below average, but the silica glass had such poor 
homogeneity that it was not suitable as an optical material. 

[0111] The metal element contents of the heat-treated blanks were approximately the same as those of Sample Nos. 
5 1 and 11 in the foregoing Table 1. This shows that the high purity of the silica glass was retained during the heat 
treatment. 

III. Examples of Blanks of Synthetic Silica Glass Produced Using High-Purity Silicon Tetrachloride 

10 [01 12] Although raw material free of the element chlorine (CI) was described in the preceding examples, since silicon 
tetrachloride is used in many cases as a raw material for producing synthetic silica glass, the glass frequently contains 
significant amounts of Ci as well as OH groups. Consequently, It may be difficult to suppress the refractive index 
fluctuation without taking the chlorine distribution Into consideration. Therefore, in accordance with a further preferred 
embodiment of the invention, highly optically homogeneous synthetic silica glass is produced from high-purity silicon 

IS tetrachloride raw material. 

[0113] Cylindrical ingots of high-purity silica glass were produced from silicon tetrachloride raw material by the oxy- 
hydrogen flame hydrolysis method. The gas flow rate ranges for Sample Nos. 31 through 34 are set forth in the following 
Table 3: 

20 Tables 



25 



Sample No. 


Feed Raw Material 


Feed Flow Rate g/min. 


H2 Flow Rate l/min. 


O2 Flow Rate l/min. 


31 


SiCU 


30-40 


350-400 


50-80 


32 


SiCl4 


30-40 


300-350 


70-100 


33 


SiCl4 


30-40 


300-350 


70-100 


34 


SICI4 


30-40 


350-400 


50-80 



For Sample No. 31 the gas flow rates were adjusted to be slightly rich in H2 and slightly lean in O2. For Sample No. 
32 the gas flow rates were adjusted to be slightly lean in H2 and slightly rich in O2. For Sample No. 33 the gas flow 
rates were adjusted to be slightly lean in H2 and rich in O2, and for Sample No. 34 the flow rates were slightly rich in 
H2 and lean in Og. In preparing Sample Nos. 31 and 32, the burner was focussed on the periphery of the forming ingots, 
while Sample Nos. 33 and 34 were prepared by focussing the burner on the central axis of the rotating ingot. These 
mixing ratios of the gases and burner orientations were selected so that the concentration distribution curves of the 
^ OH group concentration distribution, the CI concentration distribution and the respective concentration distribution 
differences in a section orthogonal to the cylinder axis were predetermined such that: 

as shown for Sample No. 31 in Fig. 10, the OH group concentration inhomogeneity (60H) was a concave curve 
having a height of -20 wt. ppm, and the chlorine concentration inhomogeneity (501) was a convex curve having a 
^ height of +1 0 wt. ppm; 

as shown for Sample No. 32, both the OH distribution curve and the CI distribution curve were concave curves; 
the OH group concentration inhomogeneity (60H) having a height of -40 wt. ppm, and the chlorine concentration 
inhomogeneity (6CI) having a height -10 wt. ppm; 

as shown for Sample No. 33. both the OH distribution curve and the CI distribution curve were convex curves; the 
^ OH group concentration inhomogeneity (60H) being +1 0 wt. ppm, and the chlorine concentration inhomogeneity 
(SCI) being +40 wt. ppm; and 

as shown for Sample No. 34, in contrast to the results in Test No. 31 , the OH distribution inhomogeneity (50H) 
was a convex cun/e having a height of +20 wt. ppm, and the chlorine distribution inhomogeneity (§01) was a 
concave curve having a height of -1 0 wt. ppm. 

50 

[01 14] In each of the glass ingots, the minimum value of the OH group concentration distribution was not less than 
100 wt. ppm. 

[0115] The refractive index distribution (B) was calculated for each of the ingots produced as described above. It 
was determined that in each of Test Nos. 31 to 33. the refractive Index inhomogeneity (5n) corresponding to the com- 
bined OH group distribution and chlorine distribution (60H and 8CI) was a convex curve having a magnitude of about 
3x10*^, and in No. 34 it was a concave cun/e having a magnitude of about -3 x 1 0'^. 

[0116] The synthetic silica glass ingots produced as described above were placed in an extremely clean electric 
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furnace having a tungsten heater in a stainless steel jacket in the same manner as described above, degassed by 
heating at 600 to 800 °C under a vacuum atmosphere at a pressure of less than o.l atmosphere, and then cooled. 
Then, after heating in the same electric furnace at a rate of 200 per hour up to a temperature of about 1 ,100 *C 
and held for 50 hours under a hydrogen gas atmosphere hours to carry out a simultaneous annealing/hydrogen doping 
5 treatment, the Ingots were cooled to 900 at a rate of -2 per hour, and then further cooled in a controlled fashion 
to maintain the fictive temperature distribution inhomogeneity (5FT) at about 2 "C in the effective region (clear aperture) 
until the temperature reached about 200 °C or less. The Ingots were subsequently allowed to cool In the furnace to 
room temperature. Thereafter, the outer circumference and the top and bottom surfaces were ground to form (j) 160 x 
1 30 mm blanks. 

10 [0117] To prevent the fictive temperature distribution curve from becoming irregular, It Is preferred that the fictive 
temperature distribution in homogeneity produced by the current heat treatment be maintained within 4 ''C, and there- 
fore it is preferable that the minimum point or the minimum concentration region of the OH group concentration not be 
less than 100 wt. ppm. 

[0118] Thus, the refractive Index distribution curve (C) induced by the fictive temperature distribution (bfT) in the 
15 sectional plane through the axis of the cylindrical blank was a curve which exhibited a minimum value at the axis of 
the blank and progressively increasing values toward the outer periphery. l\^ore specifically, the fictive temperature 
distribution was a concave (substantially parabolic) curve which exhibited a minimum value at the center of the blank, 
and which is a substantially symmetrk;al mirror image of the refractive index distribution curve (B) due to the combined 
effects of the OH concentration distribution and the CI concentration distribution of the ingot. 
20 [01 19] Therefore, since the overall refractive index distribution (A) of the blanks was determined by the sum of the 
refractive index distribution (C) resulting from the fictive temperature distribution and the refractive index distribution 
(B) resulting from the combination of the OH and CI concentration distributions, the overall refractive index distribution 
inhomogeneity (5n) of each of Test Nos. 31 ,32, and 33 was not over 1 x 10-^. The blanks thus show very high optical 
homogeneity. 

25 [0120] However, in contrast, In Comparative Sample No. 34, the refractive index distribution curves (B) and (C) did 
not offset each other, and the overall refractive index distribution inhomogeneity was increased to a value (5n) of about 
6x10-6, which was a poor §n value. 

[0121] The contents of metal elements in the heat-treated blanks were analyzed, and it was found that the content 
of each alkali metal element, Li. Na. and K. was not over 0.05 wt. ppm, the content of each alkali earth metal element. 

30 Mg and Ca, was about 0.01 wt. ppm, and the content of each transition metal element, Ti, Cr, Fe, Ni, and Cu, was not 
over 0.01 wt. ppm. These results show that high purity was not lost in the heat treatment step. 
[0122] The above blanks were cut to obtain 40 x 30 x 1 30 mm quasi-optical members. Then the opposite surfaces 
of the members were polished to form test pieces for an excimer laser exposure experiment, and the resulting test 
pieces were exposed using a KrF excimer laser (248 nm) or an ArF excimer laser (193 nm) under the following com- 

3S binations of exposure conditions: 

energy densities per pulse of 100, 200, and 400 (mJ/cm^.pulse), and 

total numbers of irradiated pulses of 1 x IQi^, l x 10^, and 1 x 10^ (pulses), respectively. 

40 Changes in the refractive index distribution In the exposed test pieces were measured with an He-Ne laser (633 nm) 
interferometer; changes in the transmittance were measured with a UV spectrophotometer, and changes in the fluo- 
rescence intensity were measured with a fluorescence spectrophotometer. The experimental results are listed In the 
following Table 4. 

45 
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[0123] As can be from Table 4. in the case of Sample Nos. 31 , 32. and 33 in which the released amount of H2 was 
not less than 1 x 10^0 molecules/m^), and the overall refractive index distribution was constant, the fluorescence, the 
transmittance. the variation in the refractive index, and the resistance to deterioration in optical properties over time 
when exposed to an excimer laser beam were found to be very favorable. But in the case of Sample No. 34 in which 
5 the refractive index Inhomogeneity (5n) was large, the test piece was basically unsuitable as optical silica glass for 
lens material in view of its poor initial homogeneity. 

[0124] To confirm the effects of the present invention, an ingot was produced in which the OH group concentration 
distribution was decreased so that the minimum point of the OH group concentration was less than 5 wt. ppm. Com- 
parison blanks were prepared by taking sample pieces from optical members prepared in the same way as Sample 
10 No. 31 . The same tests as those described above were carried out, and the assessments of the fluorescence, the 
transmittance, and the variation In the refractive index with respect to the excimer laser beam resistance were all at 
or below the average level. These experimental results confirm that the present invention has the desired effects. 

Comparative Example 

15 

[0125J To confirm the inability of hydrogen doping alone to provide optical members with good laser resistance, 
natural quartz optical glass (manufactured by HQS, Herasil and Infrasil quartz glass) was treated in a hydrogen at- 
mosphere at 500 ''C. The treated glass was then exposed to a KrF excimer laser. It was found that at an energy density 
of 400 mJ/cm^ pulse, an E' center was formed after exposure to only 100 pulses, and the transmittance of the glass 
20 simultaneously decreased. This clearly shows that mere hydrogen doping does not enable silica glass to resist damage 
from exposure to an ultraviolet light beam. 

[0126] The foregoing description and examples have been set forth merely to illustrate the invention and are not 
intended to be limiting. Since modifications of the described embodiments may occur to persons skilled in the art, the 
" scope of the invention should be construed to include all variations falling within the ambit of the appended claims and 
25 equivalents thereof. 



Claims 

30 1 . Use of a synthetic silica glass optical member with a high-power ultraviolet laser beam having a wavelength shorter 
than about 250 nm, wherein said optical member is made of high-purity synthetic silica glass material which is free 
from striae in at least one direction corresponding to the incident light and which has an OH group concentration 
of at least about 100 wt. ppm. and a doped hydrogen molecule concentration of at least about 5 x 10^ molecules/ 
cm3 and such that when the temperature of said optical member is raised to 1 0OO"" C under vacuum, at least about 

35 1 X 1 0^^' molecules /m^ of hydrogen are released from said member. 

2. Use of an optical member as claimed in claim 1 , for use with a high-power ultraviolet laser beam having a wave- 
length shorter than 200 nm, wherein said member has an OH group concentration of at least about 100 wt. ppm. 
and a doped hydrogen molecule concentration within the range from 5 x lO^^ to 5 x 10'*^ molecules/cm^. 

40 

3. Use of an optical member as claimed in claim 2, wherein the OH group concentration is at least about 200 wt. ppm. 

4. Use of an optical member as claimed in claim 1 , for use with a high-power ultraviolet laser beam having a wave- 
length shorter than 200 nm, wherein said member has an OH group concentration of at least about 100 wt. ppm. 

45 and a doped hydrogen molecule concentration such that when the temperature of said member is raised to 1 ,000* 
C under vacuum, from 1 x lO^o to 1 x 10^3 molecules/m2 of hydrogen are released from said member. 

5. Use of an optical member as claimed in claim 4. wherein the OH group concentration is at least about 200 wt. ppm. 

50 6. Use of an optical member as claimed in claim 1 . wherein said high-power ultraviolet laser beam is a KrF excimer 
laser beam. 

7. Use of an optical member as claimed in claim 2, wherein said high-power ultraviolet laser beam is an ArF excimer 
laser beam. 

55 

8. Use of an optical member as claimed in claim 1 . wherein said optical member has a refractive index inhomogeneity 
(5n) of less than or equal to 2 x 10'^ in a plane orthogonal to the incident light. 
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9. Use of an optical member as claimed in claim 1 . wherein said optical member has a glass structure substantially 
free from oxygen defects. 

10. Use of an optical member as claimed in claim 1. wherein said optical member has an impurity content such that 
5 the total content of Li, Na. and K is 1 50 ppb or less, the total content of Mg and Ca is 1 00 ppb or less, and the total 

content of Ti, Cr. Fe, Nl, and Cu is 50 ppb or less. 

1 1 . Use of an optical member as claimed in claim 1 , wherein said optical member has the following impurity contents: 
Na ^ 50 ppb. K ^ 50 ppb, Li ^ 50 ppb. Mg ^ 10 ppb, Ca ^ 10 ppb. Ti g 10 ppb, Cr ^ 10 ppb. Fe iS 10 ppb, Ni 

10 ^ 10 ppb, and Cu^ 10 ppb. 

12. Use of an optical member as claimed in claim 1 , wherein said optical member is selected from the group consisting 
of lenses, prisms, filters, windows, reflectors, etalon plates, and semifinished products used in a lithography ap- 
paratus that uses an excimer laser beam, YAG higher harmonics laser beam, or other high-power ultraviolet laser 

IS beam for producing large scale integrated circuits. 

13. Use of an optical member as claimed in claim 1 , wherein said optical member is free of striae in three dimensions. 

14. Use of an optical member as claimed in claim 1 , wherein said optical member has a birefringence of 5 nm/cm or less. 

20 

15. A blank for a synthetic silica glass optical member for use with ultraviolet incident light having a wavelength shorter 
than about 360 nm, wherein said blank is made of a heat treated high-purity silica glass material which is free from 
striae in at least a direction parallel to the incident light and which contains OH groups, said blank having an OH 
group concentration distribution in a plane orthogonal to the incident light such that the OH group concentration 

25 progressively Increases from a minimum concentration region to a maximum concentration region without an In- 
flection point so that said blank has an overall refractive index distribution inhomogeneity (6n) in said plane of 2 x 
10"6orless. 

16. A blank as claimed in claim 1 5, wherein said blank has an OH group concentration of at least about 1 00 wt. ppm, 
30 and a doped hydrogen molecule concentration of at least about 5x10^^ molecules/cm^. 

17. A blank as claimed in claim 15, wherein said blank has an OH group concentration of at least about 100 wt. ppm, 
and a doped hydrogen molecule concentration such that when the temperature of said blank is raised to 1.000* 
C under vacuum, at least about 1 x lO^o molecules/m^ of hydrogen are released from said blank. 

35 

1 8. A blank for a synthetic silica glass optical member for use with ultraviolet incident light having a wavelength shorter 
than about 360 nm, wherein said blank is made of a high-purity synthetic silica glass material which is free from 
striae in at least a direction parallel to the incident light, and which contains concentrations of OH groups and 
chlorine (CI) distributed therein, said blank having a first refractive index distribution due to a combination of the 

40 chlorine concentration distribution and the OH group concentration distribution in a plane orthogonal to the incident 
light, and said first refractive index distribution is substantially offset by a second refractive index distribution due 
to a fictlve temperature distribution caused during heating/cooling treatment of the blank. 

1 9. A blank as claimed in claim 1 8, wherein said blank has an OH group concentration of at least about 1 00 wt. ppm 
45 and a doped hydrogen molecule concentration of at least about 5 x 1 0^^ molecules/cm^. 

20. A blank as claimed In claim 1 8. wherein said blank has an OH group concentration of at least about 100 wt. ppm, 
and a doped hydrogen molecule concentration such that when the temperature of said blank Is raised to 1 .000* 
C under vacuum, at least about 1 x 10^^^ molecules/m^ of hydrogen are released from said blank. 

50 

21. A blank as claimed in claim 18, wherein the combination of the concentration distributions is such that the OH 
group concentration distribution Is a concave cun^e having a minimum value at the center of the blank and the 
chlorine concentration distribution is a convex curve having a maximum value at the center of the blank. 

55 22. A blank as claimed in claim 18, wherein the combination of the concer)tration distributions is such that both the 
concentration distributions are concave curves, and the relationship between the concentration inhomogeneities 
(60H and 6CI) is such that the OH group concentration distribution is greater than the chlorine concentration 
distribution. 
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23. A blank as claimed in claim 18, wherein the combination of the concentration distributions Is such that both the 
concentration distributions are convex curves, and the relationship between concentration inhomogeneittes (60H 
and 8CI) is such that the chlorine concentration distribution is greaterthan the OH group concentration distribution. 

5 24. A method of producing an optical member or blank therefor for use with a high-power ultraviolet laser beam having 
a wavelength range shorter than about 250 nm, said method comprising the steps of: forming a blank from high- 
purity synthetic silica glass containing OH groups in an amount of at least 1 00 wt. ppm: removing striae from said 
blank in at least one direction corresponding to the incident light, removing internal strains from said blank by 
heating the blank at a temperature of at least 1 ,000*" C. and doping said silica glass with hydrogen to a hydrogen 

10 molecule concentration of at least about 5 x 1 0^® molecules/cm^ and such that when the temperature of said optical 
member or said blank is raised to 1000^*0 under vacuum at least about 1 x lO^o molecules/m^ of hydrogen are 
released from said member or said blank. 

25. A method as claimed in claim 24, further comprising after the striae removing step, the additional step of degassing 
IS by heating said synthetic silk^a glass at 200 to 1 ,000*' C under vacuum to remove gases contained in the glass. 

26. A method as claimed in claim 24, wherein the removing of internal strains and the doping treatment under a heated 
atmosphere containing hydrogen are can-ied out simultaneously at a temperature of 1,000 to 1,200^ C and at 
atmospheric pressure or superatmospheric pressure. 

20 

27. A method as claimed in claim 24, wherein after the removal of striae in the synthetic silica glass, the Internal strains 
are removed under a heated atmosphere at a temperature of 1 ,000 to 1 .200" G. and then the doping treatment is 
subsequently carried out under an elevated pressure atmosphere containing hydrogen heated to a temperature 
lower than the temperature of the heated atmosphere of the internal strain removing step. 

25 

28. A method as claimed in claim 27, further comprising between the internal strain removing step and the doping 
step, the additional step of degassing the glass by heating at 200 to 1 .OOO"" C under subatmospheric pressure to 
remove gases contained in the glass. 

30 29. A synthetic silica glass optical member for use with ultraviolet incident light having a wavelength shorter than about 
360 nm, wherein said optical member is made of an annealed high-purity synthetic silica glass material which is 
free from striae In at least one direction corresponding to the incident light and which contains OH groups in an 
amount of at least about 50 wt. ppm and chlorine (CI) distributed therein, and said optical member is doped with 
hydrogen sufffcient to Inhibit decreases in light transmlttance over time due to exposure to said ultraviolet light, 

35 and said optical member has a first refractive index distribution due to a combination of variations in the chlorine 
distribution and variations in the OH group distribution in a plane orthogonal to the incident light, and said first 
refractive index distribution is substantially offset by a second refractive Index distribution due to a fictive temper- 
ature distribution caused during annealing of said silica glass. 

40 30. A synthetic silica glass optical member for use with a source of ultraviolet incident light having a wavelength shorter 
than about 360 nm, wherein said optical member is made of a high-purity synthetic silica glass material which is 
free from striae In at least one direction corresponding to the Incident light and which contains OH groups in an 
amount of at least about 50 wt. ppm, and said optical member is doped with hydrogen sufficient to inhibit decreases 
in light transmlttance over time due to exposure to said ultraviolet light, said optical member having an OH group 

45 concentration distribution in a plane orthogonal to the incident light such that the OH concentration increases 
progressively from a minimum concentration region to a maximum concentration region without an inflection point 
so that the refractive index distribution inhomogenelty (6n) In said plane is 2 x 10"^ or less. 



so Patentansprtiche 

1. Verwendung eines optischen Bauteils aus synthetischem Quarzglas mit einem UV-Hochleistungslaserstrahl mit 
einer Wellenlange von weniger als etwa 250 nm, dadurch gekennzeichnet, dass das optlsche Bauteil aus hoch- 
reinem synthetischen Quarzglasmaterial besteht, das zumindest in der Richtung des eingestrahlten Lichts schlie- 
55 renfrei ist und eine Hydroxylgruppenkonzentration von mindestens etwa 1 00 Gew.-ppm sowie eine Dotlerstoffkon- 
zentratlon an Wasserstoffmolekulen von mindestens etwa 5 x 1 0^^ Molekulen/cm^ aufweist, derart, dass bel einer 
Temperaturerhdhung des optischen Bauteils auf 1 0OO^'C unter Vakuum mindestens etwa 1 x 1 0^^ Wasserstoffmo- 
lekule/m^ aus dem Bauteil freigesetzt werden. 
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2. Verwendung eines optischen Bauteils nach Anspruch 1 mit einem UV-Hochleistungslaserstrahl mit einer Wellen- 
ISnge von weniger als 200 nm, dadurch gekennzeichnet, dass das Bautei) eine Hydroxylgruppenkonzentratlon 
von mindestens etwa 100 Gew.-ppm und eine Dotierstoffkonzentration an Wasserstoffmolekulen im Berelch von 
5 X 1 0^6 bis 5 X 1 0^^ MoIekulen/cm3 aufweist. 

5 

3. Verwendung eines optischen Bauteils nach Anspruch 2, dadurch gekennzeichnet. dass die Hydroxylgruppenkon- 
zentration mindestens etwa 200 Gew.-ppm betrdgt. 

4. Verwendung eines optischen Bauteils nach Anspruch 1 mit einem UV-Hochteistungslaserstraht mit einer Wetlen- 
10 l&nge von weniger als 200 nm, 

dadurch gekennzeichnet. dass das Bauteil eine Hydroxylgruppenkonzentration von mindestens etwa 100 Gew.- 
ppm und eine Dotierstoffkonzentration an Wasserstoffmolekulen aufweist, derart, dass bei Temperaturerhdhung 
des Bauteils auf 1000*C unter Vakuum zwischen 1 x lO^o und 1 x 10^3 Wasserstoffmolekule/m^ aus dem Bauteil 
freigesetzt werden. 

15 

5. Verwendung eines optischen Bauteils nach Anspruch 4, dadurch gekennzeichnet, dass die IHydroxylgaippenkon- 
zentration mindestens etwa 200 Gew.-ppm betrdgt. 

6. Verwendung eines optischen Bauteils nach Anspruch 1 , dadurch gekennzeichnet, dass der UV-Hochleistungsla- 
20 serstrahl ein KrF Excimer-Laserstrahl ist. 

7. Verwendung eines optischen Bauteils nach Anspruch 2, dadurch gekennzeichnet, dass der UV-Hochleistungsla- 
serstrahl ein ArF Excimer-Laserstrahl ist 

25 8. Verwendung eines optischen Bauteils nach Anspruch l , dadurch gekennzeichnet, dass das optische Bauteil eine 
InhomogenitSt des Brechungsindexes {6n) von 2x10'^ Oder weniger in der Ebene senkrecht zum eingestrahlten 
Licht aufweist. 

9. Verwendung eines optischen Bauteils nach Anspruch 1 . dadurch gekennzeichnet. dass das optische Bauteil eine 
30 Glasstruktur im wesentllchen ohne Sauerstoffdefekte aufweist. 

10. Verwendung eines optischen Bauteils nach Anspruch 1 . dadurch gekennzeichnet, dass das optische Bauteil einen 
Gesamtgehalt an Verunreinigungen aufweist, derart, dass der Gesamtgehaltan Li, Na und K 150 ppb oder weniger, 
der Gesamtgehalt an Mg und Ca 100 ppb oder weniger und der Gesamtgehalt an Tl, Cr. Fe. Ni und Cu 50 ppb 

35 Oder weniger betrSgt. 

11. Verwendung eines optischen Bauteils nach Anspruch 1. dadurch gekennzeichnet, dass das optische Bauteil die 
folgenden Gehalte an Verunreinigungen aufweist: Na < 50 ppb, K < 50 ppb. Li % 50 ppb, Mg < 10 ppb, Ca < 10 
ppb, Ti < 1 0 ppb, Cr < 1 0 ppb, Fe < 1 0 ppb. Ni < 1 0 ppb und Cu < 1 0 ppb, 

40 

12. Verwendung eines optischen Bauteils nach Anspruch i, dadurch gekennzeichnet, dass das optische Bauteil zu 
der Gruppe der Linsen, Prismen, Filter, Fenster, Reflektoren, Etalonpiatten und Haibfabrikate gehdrt, die in Litho- 
graphiegeraten zum Herstellen hochintegrlerter Schaltungen mit Excimer-Laserstrahl, YAG-Laserstrahl oder an- 
deren UV-Hochleistungslaserstrahlen eingesetzt werden. 

45 

13. Verwendung eines optischen Bauteils nach Anspruch 1, dadurch gekennzeichnet, dass das optische Bauteil in 

drei Dimensionen schlierenfrei ist. 

14. Verwendung eines optischen Bauteils nach Anspruch 1 , dadurch gekennzeichnet. dass das optische Bauteil eine 
so Doppelbrechung von 5 nnVcm oder weniger aufweist 

15. Vorform fur ein optisches Bauteil aus synthetischem Quarzglas, zur Verwendung mit eingestrahltem UV-Licht mit 
einer Wellenlange von weniger als etwa 360 nm, dadurch gekennzeichnet, dass sle aus wSnnebehandeitem hoch- 
reinen Quarzgldsmaterial besteht. welches zumindest in Richtung parallel zum eingestrahlten Licht schlierenfrei 

55 ist, und Hydroxylgruppen enthalt, wobei die Vorfonm eine Hydroxylgruppenkonzentration in der Ebene senkrecht 
zum eingestrahlten Licht besitzt, derart, dass sie ohne Wendepunkt vom Bereich minimaler Konzentration zum 
Bereich maximaler Konzentration zunimmt, so dass die Vorform eine Inhomogenitat der Brechungsindexverteilung 
(5n) von 2 x 1 0"^ oder weniger in der Ebene aufweist. 
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16. Vorform nach Anspruch 15, dadurch gekennzeichnet, dass sie eine Hydroxylgruppenkonzentralion von minde- 
stens etwa 100 Gew.-ppm und eine Dotierstoffkonzentration an Wasserstoffmoiekuien von mlndestens etwa 5 x 
10^6 Molekulen/cm3 aufweist. 

5 17. Vorform nach Anspruch 15, dadurch gekennzeichnet, dass sie eine Hydroxylgruppenkonzentralion von minde- 
stens etwa 100 Gew.-ppm und eine Dotierstoffkonzentration an Wasserstoffmoiekuien aufweist, derart. dass bei 
Temperaturerhohung der Vorform auf lOOO'C unter Vakuum mindestens etwa 1x10^ Wasserstoffmolekule/m^ 

aus der Vorfomn frelgesetzt werden. 

10 18. Vorfonn fiir ein optisches Bauteil aus synthetischem Quarzglas, zur Verwendung mit eingestrahltem UV-Licht mit 
einer WellenlSnge von weniger ais etwa 360 nm, dadurch gekennzeichnet, dass sie aus hochreinem Quarzglas- 
material besteht, welches zumindest in Richtung parallel zum eingestrahlten Licht schlierenfrei und Hydroxylgrup- 
pen und Chlor (CI) enthSIt, wobei die Vorform aufgrund der Uberlagerung der Konzentrationsverteilungen von 
Chlor und Hydroxylgmppen eine erste Brechungsindexverteilung in der Ebene senkrecht zum eingestrahlten Licht 

15 aufweist, und die erste Brechungsindexverteilung im wesentlichen durch eine zweite Brechungsindexverteilung 
aufgrund einer fiktiven Temperaturverteilung wShrend des Envdrmens/Kuhlens der Vorform ausgeglichen wird. 

19. Vorfomi nach Anspruch 18, dadurch gekennzeichnet, dass sie eine Hydroxylgruppenkonzentration von minde- 
stens etwa 100 Gew.-ppm und erne Dotierstoffkonzentration an Wasserstoffmoiekuien von mindestens etwa 5 x 

20 10^6 Molekiilen/cmS aufweist. 

20. Vorform nach Anspruch 18, dadurch gekennzeichnet, dass sie eine iSydroxylgruppenkonzentration von minde- 
stens etwa 100 Gew.-ppm und eine Dotierstoffkonzentration an Wasserstoffmoiekuien aufweist, derart, dass bei 
Temperaturerhohung der Vorform auf lOOO^'C unter Vakuum mindestens etwa 1 x 10^ Wasserstoffmolekule/m^ 

25 aus der Vorfomn frelgesetzt werden. 

21. Vorform nach Anspruch 18, gekennzeichnet durch die Oberlagerung der Konzentrationsverteilungen, derart, dass 
die Verteilung der Hydroxylgmppenkonzentration eine konkave Kurve mit Minimalwert im Zentrum der Vorform, 
und die Verteilung der Chlorkonzentration eine konvexe Kurve mit Maximaiwert im Zentrum der Vorfomn ergibt. 

30 

22. Vorform nach Anspruch 1 8. gekennzeichnet durch die Uberlagerung der Konzentrationsverteilungen, derart, dass 
beide Konzentrationsverteilungen konkave Kurven ergeben, und derZusammenhang zwischen den Konzentrati- 
onsinhomogenitaten (50H und 8CI) derart ist, dass die Konzentratlonsinhomogenitat bei der Verteilung der Hy- 
droxylgruppenkonzentration grd3er ist ats bei der Verteilung der Chlorkonzentration. 

35 

23. Vorfomi nach Anspruch 1 8, gekennzeichnet durch die Oberlagerung der Konzentrationsverteilungen. derart. dass 
beide Konzentrationsverteilungen konvexe Kurven ergeben, und derZusammenhang zwischen den Konzentrati- 
onsinhomogenitdten (60H und 6CI) derart ist, dass die KonzentrationsinhomogenitSt bei der Verteilung der Chlor- 
konzentration grd3er ist als bei der Verteilung der Hydroxylgruppenkonzentration. 

40 

24. Verfahren fiir die Herslellung eines optischen Bauteils Oder einer Vorform zur Venwendung mit einem UV-Hoch- 
leistungslaserstrahl mit einem Welleniangenbereich von weniger als etwa 250 nm, das f olgende Verfahrensschritte 
umfasst: Formen einer Vorform aus hochreinem synthetischen Quarzglas mit einer Hydroxylgruppenkonzentration 
von mindestens 100 Gew.-ppm; Entfemen von Schlieren aus der Vorform zumindest in der Rfchtung des einge- 

45 strahlten Lichts; Beseitigen innerer Spannungen durch Erhitzen der Vorform auf eine Temperatur von mindestens 
1000''C, und Dotieren des Quarzglases mit Wasserstoff bis zu einer Wasserstoffkonzentration von mindestens 
etwa 5x10^® Molekiilen/cm^, derart, dass bei Temperaturerhohung des optischen Bauteils Oder der Vorform auf 
lOOO'^C unter Vakuum mindestens etwa 1 x 10^^ Wasserstoff molekule/m^ aus dem Bauteil Oder der Vorform frel- 
gesetzt werden. 

50 

25. Verfahren nach Anspruch 24, welches nach dem Entfemen der Schlieren den zusStzlichen Verfahrensschritt des 
Entgasens umfasst, wobei das synthetische Quarzglas auf 200 bis 1 0OO'C unter Vakuum erhitzt wird, urn in dem 
Gtas enthaltene Gase zu entfemen. 

55 26. Verfahren nach Anspruch 24, dadurch gekennzeichnet, dass das Beseitigen innerer Spannungen und das Dotieren 
mit Wasserstoff in erhitzter Atmosphere gleichzeitig erfolgt und bei einer Temperatur von 1000 bis 1200*'C und bei 
AtmosphSrendruck oder Uberdruck durchgefiihrt wird. 
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Verfahren nach Anspruch 24, dadurch gekennzeichnet. dass nach Entfernen der Schlieren in dem synthetischen 
Quarzglas die merer) Spannungen in ertiitzter Atmosphere bei einer Temperatur von 1000 bis 1200X beseitigt 
werden, und anschileBend das Dotleren mi Wasserstoff unter erhdhtem Druck bei einer niedrigeren Temperatur 
durchgefuhrt wird a(s die der erhitzten Atmosphere beim Beseitlgen der inneren Spannungen. 

Verfahren nach Anspnjch 27, dadurch gekennzeichnet, dass es einen zusStzlichen Verfahrensschritt umfasst, bei 
dem zwlschen dem Beseitigen der inneren Spannungen und dem Dotleren das Gtas durch ErwSrmen auf 200 bis 
lOOO'^C bei Unterdruck entgast wird. 

10 29. Optisches Bauteil aus synthetischem Quarzglas. zur Verwendung mtt eingestrahltem UV-Licht mit einer Wellen- 
(dnge von weniger a(s etwa 360 nm. dadurch gekennzeichnet, dass das optische Bauteil aus getempertem hoch- 
reinen synthetischen Quarzglasmaterial besteht, welches zumindest in Rtehtung des eingestrahlten Lichts schlie- 
renf rei ist und einen Gehalt an Hydroxylgruppen und Chlor (CI) von mindestens etwa 50 Gew.-ppm aufwelst, wobei 
das optische Bauteil ausreichend mit Wasserstoff dotiert ist, urn aufgrund der Bestrahlung mit UV-Licht eine Ab- 

15 nahme der LichtdurchiSssigkeit mit der Zeit zu verhindern, und dass das optische Bauteil eine erste Brechungsin- 
dexverteilung aufweist aufgrund der Uberlagerungen von Veranderungen in der Chlorverteilung sowie Verande- 
rungen in der Hydroxylgruppenverteilung in der Ebene senkrecht zum eingestrahlten Licht, wobei die erste Bre- 
chungsindexverteilung im wesentlichen durch eine zweite Brechungsindexverteilung aufgrund einer fiktiven Tem- 
peraturverteilung wShrend des Temperns des Quarzglases ausgeglichen wird. 

20 

30. Optisches Bauteil aus synthetischem Quarzglas, zur Verwendung mit einer UV-Strahlungsquelle fur das einge- 
strahlte Licht mit einer Wellenldnge von weniger ats etwa 360 nm, dadurch gekennzeichnet, dass es aus hochrel- 
nem synthetischen Quarzglasmaterial besteht, welches zumindest in Richtung des eingestrahlten Lichts schlie- 
renfrei ist und einen Hydroxylgruppengehalt von mindestens etwa 50 Gew.-ppm aufweist, und dass das optische 
25 Bauteil ausreichend mit Wasserstoff dotiert ist, um aufgrund der Bestrahlung mit UV-Licht eine Abnahme der Licht- 
durchldssigkeit mit der Zeit zu verhindern, wobei das optische Bauteil eine Konzentrationsverteilung der Hydro- 
xylgnippen in der Ebene senkrecht zum eingestrahlten Licht aufweist, derart, dass ohne Wendepunkt die l-iydro- 
xylgruppenkonzentration vom Bereich minimaler Konzentration zum Bereich maximaler Konzentration zunimmt, 
so dass die Inhomogenitat der Brechungsindexverteilung (6n) 2x10-6 Oder weniger in der Ebene betragt. 

30 

Revendicatlons 

1 . Application d'un 6l6ment optique de verre de silice de synthase ci un faisceau laser ultraviolet de forte puissance 
35 dont la longueur d'onde est inf6rieure k 250 nm environ, dans laquelle r6l6ment optique est fomi6 d'une mati^re 

de verre de silice de synth^e de grande puret^ qui est d^pourvue de strles au moins en direction correspondant 
k la lumi^re Incidente et ayant une concentration de groupes OH d'au moins 100 ppm en poids environ, et une 
concentration de molecules d'hydrog^ne de dopage d'au moins 5.1 0"'^ mot6cu!es par centimetre cube, et telle 
que, lorsque la temperature de I'6l6ment optique est port§e sous vide k 1 000 ""C, 1.10^0 molecules par m^tre 
<o can'd environ au moins d'hydrog^ne sent lib^r^es dudit ^l^ment. 

2. Application d'un element optique selon la revendication 1 k un faisceau laser ultraviolet de puissance 4lev^e ayant 
une longueur d'onde inf6rieure k 200 nm, r616ment ayant une concentration de groupes OH d'environ 100 ppm 
en poids au moins, et une concentration de molecules d'hydrog6ne de dopage comprise entre 5.1 0^^ et 5.10^® 

^ molecules par centimetre cube. 

3. Application d'un ^Idment optique selpn la revendication 2, dans laquelle la concentration des groupes OH est 
d'environ 200 ppm en poids au moins. 

50 4. Application d'un element optique selon la revendication 1 h un faisceau laser ultraviolet de puissance §levee, ayant 
une longueur d'onde inf^rieure k 200 nm, r§l6ment ayant une concentration de groupes OH d'au moins 100 ppm 
en poids environ et une concentration de molecules d'hydrog^ne de dopage telle que. iorsque la temperature de 
t'^l^ment est port6e k 1 000 ""C sous vide. 1 .1 O^o ^ 1 . i o^^ molecules par mdtre carr6 d'hydrog^ne sent Iib6r6es 
par ledit element. 

55 

5. Application d'un ^l^ment optique selon la revendication 4, dans laquelle la concentration des groupes OH est d'au 
moins environ 200 ppm en poids. 
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6. Application d'un ^l^ment optique selon la revendication l . dans laquelle le faisceau laser ultraviolet de puissance 
^lev^e est un faisceau d'un laser d excim^re k KrF. 

7. Application d'un di^ment optique selon la revendication 2, dans laquelle (e faisceau laser ultraviolet de puissance 
5 6lev^e est un faisceau d'un laser k exctm^re k ArF. 

8. Application d'un 6l6ment optique selon la revendication 1 , dans laquelle r6l6ment optique presents une inhomo- 
g6n6it6 d'indice de refraction (5n) inf6rieure ou 6gale k 2.1 0'^ dans un plan perpendiculaire k la lumi^re incidente. 

10 9. Application d'un 6l6ment optique selon la revendication 1 . dans laquelle I'^l^ment a une structure de verre pratl- 
quement d6pourvu de d^fauts dus k I'oxyg^ne. 

10. Application d'un dl^ment optique selon la revendication 1 , dans laquelle r4ien>ent a une teneur en innpuret^ telle 
que la quantity totale de LI, Na et K est inf6rleure ou 6gale k 1 50 ppb, la q uantit^ totale de Mg et de Ca est inf^rieure 

15 ou ^gale k 1 00 ppb, et la quantity totale de Ti, Cr, Fe, Nl et Cu est inf^rieure ou dgale k 50 ppb. 

11. Application d'un 6)6ment optique selon la revendication i, dans laquelle I'^i^ment a les teneurs suivantes en 
impuret6s : Na < 50 ppb. K < 50 ppb. Li < 50 ppb, Mg < 1 0 ppb, Ca < 1 0 ppb, Ti < 1 0 ppb, Cr < 1 0 ppb, Fe < 1 0 
ppb, Ni < 10 ppb el Cu < 10 ppb. 

20 

12. Application d'un ^l^ment optique selon la revendication 1 , dans laquelle I'^l^ment optique est choisi dans le groupe 
qui comprend les lentilles. les prismes. les filtres, les fenStres. les r^flecteurs, les plaques-6talons et les produits 
semi-finis utilises dans un appareil de lithographie qui met en oeuvre un faisceau d'un laser k excimdre, un faisceau 
d'un laser YAG k hamnoniques sup^rieurs. ou un faisceau d'un autre laser ultraviolet de puissance 6lev6e pour la 

25 production de circuits int^gr^s k grande ^helle. 

13. Application d'un element optique selon la revendication l, dans laquelle I'^l^ment est d§pourvu de stries dans 
toutes les directions. 

30 14. Application d'un 6l6ment optique selon la revendication 1 , dans laquelle I'6i6ment a une birefringence inf^rieure 
ou egale k 5 nm/cm. 

15. Ebauche d'^l^ment optique de verre de silice de synthase destine k etre utilise avec de la lumiere ultravioiette 
Incidente dont la longueur d'onde est inferieure k 360 nm environ, rebauche etant formee d'une matiere de verre 

35 cle silice de purete eievee qui a subi un traitement thermique et qui est depourvu de stries dans au moins une 
direction paralieie k la lumi^re incidente et qui contient des groupes OH. rebauche ayant une distribution de la 
concentration des groupes OH, dans un plan perpendiculaire k la lumiers Incidente, qui est telle que la concen- 
tration des groupes OH augmente progressivement d'une region de concentration mlnlmale k une region de con- 
centration maximale sans point d'Inflexion, si bien que rebauche a une inhomogeneite de la distribution generale 

^ d'indice de refraction (5n) dans ledit plan qui est inferieure ou egale k 2.10^. 

16. Ebauche selon la revendication 15, dans laquelle rebauche a une concentration de groupes OH d'au moins 100 
ppm en poids environ, et une concentration de molecules d'hydrogene de dopage d'au moins 5.10^^ molecules 

par centimetre cube environ. 

45 

17. Ebauche selon la revendication 15, dans laquelle rebauche a une concentration de groupes OH d'au moins 100 
ppm en poids environ et une concentration de molecules d'hydrogene de dopage telle que. lorsque la temperature 
de rebauche est portee k 1 000 "C sous vide, 1.10^ molecules par metre carre environ au moins d'hydrogene 
sont Iib6rees par rebauche. 

50 

18. Ebauche pour element optique de venre de silice de synthese destine k etre utilise avec une lumiere ultravioiette 
incidente ayant une longueur d'onde inferieure k environ 360 nm, rebauche etant formee d'une matifere de ven^e 
de silice de synthase de purete eievee qui est d6pourvu de stries au moins en direction parallfele k la lumifere 
incidente et qui a des concentrations de groupes OH et de chlore (CI) presentant une distribution dans rebauche. 

55 rebauche ayant une premiere distribution d'indice de refraction due k une combinaison de la distribution de la 
concentration du chlore et de la distribution de la concentration des groupes OH dans un plan perpendiculaire k 
la lumiere incidente, et la premiere distribution d'indice de refraction est pratiquement decatee par rapport k une 
seconde distribution d'indice de ref raaion k cause d'une distribution f ictive de temperature creee lors du traitement 
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de r^bauche parchauffage-refroidissement. 

19. Ebauche selon la revendlcatlon 1B, dans laquelle l'6bauche a une concentration de groupes OH d'au molns 100 
ppnf) en polds environ et une concentration de molecules d'hydrog^ne de dopage d'au molns 5.1 0^^ molecules 

5 par centimetre cube environ . 

20. Ebauche selon la revendlcatlon 18, dans laquelle r^bauche a une concentration de groupes OH d'au molns 100 
ppm en poids environ et une concentration de molecules d'hydrog^ne de dopage telle que, lorsque la temperature 
de r^bauche est port^e k 1 000 ''C sous vide, 1.10^^ molecules par m^tre canr6 environ au molns d'hydrog^ne 

10 sont liberies de r^bauche. 

21 . Ebauche selon la revendlcatlon 18, dans laquelle la combinalson des distributions de concentration est telle que 
la distribution de concentration des groupes OH correspond k une courbe concave de valeur minimaie au centre 
de r^bauche et (a distribution de concentration du chlore correspond k une courbe convexe ayant une valeur 

15 maximale au centre de r^bauche. 

22. Ebauche selon la revendicatlon 18, dans laquelle la combinalson des distributions de concentration est telle que 
les deux distributions de concentration con^espondent k des couri^es concaves, et la relation entre ies inhomog6- 
n6it§s de concentration (SON et 5CI) est telle que la distribution de concentration des groupes OH est sup6rieure 

20 k la distribution de concentration du chlore. 

23. Ebauche selon la revendlcatlon 1 8, dans laquelle la combinalson des distributions de concentration est telle que 
les distributions de concentration sont toutes deux des courbes convexes, et la relation entre les inhomog6n6it6s 
de concentration (50H et 601) est telle que la distribution de concentration du chlore est sup^rieure k la distribution 

25 de concentration des groupes OH. 

24. Precede de production d'un element optique ou d'une Ebauche destin^e k un tel element, r^l^ment 6tant destine 
k §tre utilise avec un faisceau laser ultraviolet de forte puissance ayant une plage de longueurs d'onde inf^rieure 
k environ 250 nm, le proc6d6 comprenant les 6tapes suivantes : la formation d'une 6bauche d'un verre de silice 

30 de synthase de purete eiev^e, contenant des groupes OH en quantity au molns egale k 100 ppm en poids environ, 
la suppression des stries de r^bauche dans au moins une direction correspondant ^ la lumi^re incidente, la sup- 
pression des contraintes Internes de r^bauche par chauffage de t'^bauche k une temperature d'au moins 1 000 
"^C, et le dopage du verre de silice par de Thydrog^ne k une concentration de molecules d'hydrog^ne d'au moins 
5.10^^ molecules par centimetre cube, et telle que. lorsque la temperature de reiement optique ou de rebauche 

35 est portee sous vide k 1 000 ""0, 1.10^0 molecules par metre carre environ au moins d'hydrogene sont liberees 
de reiement ou de rebauche. 

25. Precede selon la revendicatlon 24, comprenant en outre, aprfes retape de suppression des stries, une etape sup- 
piementaire de degazage par chauffage du verre de silice de synthese ci une temperature comprise entre 200 et 

40 1 000 '^C sous vide afin que les gaz contenus dans le verre solent chasses. 

26. Precede selon la revendicatlon 24, dans lequel la suppression des contraintes internes et le traitement de dopage 
en atmosphere chauffee contenant de I'hydrogene sont executes simultanement k une temperature de 1 000 k 1 
200 ''C et k la pression atmospherique ou k une pression plus eievee. 

45 

27. Procede selon la revendicatlon 24, dans lequel, apres la suppression des stries du verre de silice de synthese, 
les contraintes Internes sont supprimees en atmosphere chauffee k une temperature de 1 000 e 1 200 •C, et le 
traitement de dopage est ensuite execute en atmosphere k temperature eievee contenant de I'hydrogene chauffe 
k une temperature inferieure k la temperature de i'atmosphere chauffee de retape de suppression des contraintes 

50 internes. 

28. Procede selon la revendicatlon 27, comprenant en outre, entre retape de suppression des contraintes et reiape 
de dopage, retape suppiementaire de degazage du verre par chauffage de 200 k 1 000 ''O k une pression inferieure 
k la pression atmospherique afin que les gaz contenus dans le ven-e soient chasses. 

55 

29. Element optique de ven-e de silice de synthese destine k etre utilise avec de la lumiere ultraviolette incidente ayant 
une longueur d'onde inferieure k 360 nm, dans lequel reiement est forme d'une matiere de verre de silice de 
synthese de puret6 eievee qui a ete reculte et qui est depourvue de stries dans au moins une direction corres- 
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pondant k )a lumi^re incidente et qui contient des groupes OH en quantity au moins ^gale k 50 ppm en poids 
environ et du clilore (CI) qui sont r6partis dans r6l6ment, et r6l6ment optique est dop6 par une quantity suffisante 
d'hydrogfene pour que ia r6ductlon du coefficient de transmission de la Iuml6re au cours du temps lors de I'expo- 
sition k la luml^re ultraviolette soit emp§ch6e, et I'6l6ment optique a une premiere distribution tfindice de refraction 
due k la combinaison des variations de la distribution du chlore et des variations de la distribution des groupes 
OH dans un plan perpendiculaire k la lumi^re incidente, et la premiere distribution d'indice de refraction est pra- 
tiquement d^caiee par rapport k une seconde distribution d'indice de refraction due k une distribution fictive de 
temperature creee pendant le recuit du verre de silice. 

30. Element optique de verre de silice de synthese destine k etre utilise avec une source de lumiere ultraviolette 
incidente ayant une longueur tfonde inferieure k 360 nm environ, reiement optique etant forme d'une matiere de 
verre de silice de synthese de purete eievee qui est d6pourvu de strles dans au moins une direction correspondant 
k la lumiere incidente et qui contient des groupes OH en quantite au moins egale k 50 ppm en poids environ, et 
I'eiement optique est dope par une quantite suffisante d'hydrogene pour que la reduction du coefficient de trans- 
mission de la lumiere au cours du temps k la suite de I'exposition k de la iumiere ultraviolette soit empechee, 
I'eiement optique ayant une distribution de concentration de groupes OH dans un plan perpendiculaire k la lumiere 
incidente telle que la concentration de OH augmente progressivement d'une region de concentration minlmale k 
une region de concentration maximale sans point d'infiexion, si bien que I'inhomogeneite de distribution d'indice 
de refraction (5n) dans ledit plan est inferieure ou egale k 2.10^. 
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